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This is the first formal issue of the user's guide for Batch LCAP2. Numer-

osexamples describing the more common LCAPZ operators are presented. e

Batch LCAP2 is an improved version of LCAP, Ref. 1, which was originally
developed in 1966. The major difference in usage between those two programs is
the FORTRAN callable implementation of each LCAP2 operator which enables the
analyst to develop code to automate the analysis of complex systems.
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1.0 INTRODUCTION

batch LCAP2 (Linear Controls Analysis Program) is a FORTRAN program which

provides the control analyst with the capability to numerically perform clas-
sical linear control analysis techniques such as transfer function

manipulation, transfer function evaluation, frequency response, root locus,

inverse time response and sampled-data transforms. It is able to deal with con-

tinuous and sampled-data systems, including multiloop multirate digital

systems, using s, z and w transforms.

2.0 DESCRIPTION
N ....

This program was designed to provide the control system analyst with most 'I

of the classical analysis tools needed for analyzing continuous and sampled-data

systems by transform techniques. A set of transfer function and polynomial oper-

ators has been defined in a fashion similar to the instruction set of a

computer. Transfer function and polynomial arrays are defined to be referenced

with indices so that they may be easily addressed by the operators. The combina-

-. ., tion of this set of LCAP2 operators and the form of the data structure provides a

very flexible and easy to use program.

The data structure of the program includes (1) s, z and w plane transfer

functions designated as SPTFi, i=1,2..., ZPTFi, i=1,2..., WPTFi il,2...,

respectively, and (2) polynomials designated as POLYi ,i=l,Z... Operations on

these transfer functions or polynomials are specified by references to their

indices. An arbitrarily large number of transfer functions and polynomials are

available to the user since disk storage is utilized when the number becomes too

large.

The transfer functions are represented as ratios of polynomials. The user .

can load data into a transfer function using either the coefficient or the root

form representation. Data structures used for the transfer functions and polyno-

mials require that the order of the polynomials be less than fifty.

Each of the LCAP2 operators is implemented as a FORTRAN subroutine with a

minimal number of arguments used to specify the transfer functions or polynomi-

als involved. For example, to add SPTF1 to SPTFZ and store the results into

SPTF3, the FORTRAN statement is CALL SPADD(3,1,2).

A typical use of these operators for a simple system would be to reduce a

block diagram to a single open or closed loop transfer function using the add,

subtract, multiply and divide operators. Then one of the operators used to

implement the classical control analysis techniques can be applied. For example,

if SPTFi is the open loop transfer function, the operator SFREQ(i) can be used

to compute the frequency response so that the system can be evaluated.

1 
'.. -. 
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For complex continuous systems, the above block diagram reduction method
my not be practical to apply. Cramer's method for transfer function evaluation
could then be Used.

-. ... For samplod-data systems z and w plane operators are provided. Analysis of

small order systems can be performed in either the z or w plane. The analyst may

prefer to perform the analysis in the w plane since this would allow the use of

the Bode design techniques. However, if the order of the system is high, the

analysis must be performed in the w plane since z plane coefficients cannot be

as accurately represented by the computer. 7:
• ,Multirate sampled-data systems with integer rate sampling can be analyzed

by LCAP2. Two types of aperators based upon Sklansky's frequency decomposition

method are available for this type of analysis.

3.0 LANGUAGE AND HOST COMPUTER

The program is written entirely in CDC (Control Data Corp.) FORTRAN
EXTENDED 4 with the exception of one subroutine which is written in assembly
language. The batch version of LCAP2 runs on the CDC 176 under the SCOPE 2.1

Operating system. Batch jobs typically require 140-240k words. Description of
the code for this program is given in Ref. 2. shp

An interactive version of LCAP2, Ref. 3, is available using the CDC INTER-

-a CON which runs on the CDC 835 computer. INTERCOM can also be used to define and

edit a batch file which can be submitted to the CDC 176.

4.0 JOB STRUCTURE

NThe basic operations of a batch LCAP2 job ares

(1) Creation of FORTRAN program - main program and

• subroutines (optional)

(2) Compilation of the source code from (1)

(3) Loading of routines from the LCAP2 and system libraries

' " (4) Execution of the LCAP2 program from (2)

(5) (Optional) - Cataloging of data file if one is

--"" created by LCAP2

2
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(6) (Optional) - Loading and execution of the HARDCPY
program to produce hardcopy plots created by LCAP2

To facilitate the development of the FORTRAN program by the user, the CDC .
UPDATE3 program is utilized. An LCAP2 program library has been dofined so that
the first part of the main program, which contains many lines of COMMON block
and EQUIVALENCE statements, need not be written by the user. This block of code
is copied from the program library and added to the the user's FORTRAN code to -.

create the source code. The input (card images) for the UPDATE program will be ...-.
of the form:

*IDENT idname
*INSERT START.1

NDECK MAIN
*CALL LCAP2 4.V

CALL INITO (initialization of LCAP2 parameters)
CALL MINITO (initialization of matrix parameters)

(user's FORTRAN code)

CALL LEXIT (required if hardcopy plots are generated)
END

The * in column 1 defines an UPDATE directive. The first directive, *IDENT
idname, specifies an identification name, idname, which can be 1 through 9 char-
acters long. The second directive, *INSERT START.l, defines the location where

4 the input data to follow is to be inserted. The directive, KCALL LCAP2, will
write the code in COMDECK LCAP2 to the file COMPILE. This COMDECK LCAP2 contains
the main program statment and all of the COMMON block and EQUIVALENCE statements

a. required by the main program. The remaining input data are the user's FORTRAN --

* code which will be copied to the file COMPILE to complete the creation of the .-.

main program. The words in parenthesis are comments and are not part of the FOR- ".;*.
TRAN code.

The job control cards for setting up the above operations are given in the
next section.

5..-..S

.-....

s The UPDATE program maintains and updates source decks for libraries under
the SCOPE 2, NOS 1, and NOS/BE 1 operating systems.

5...'
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5.0 JOB SUBMITTAL

Two forms for job submittal are given below. The first will be an explicit
one which includes a complete list of control cards required. The second is a

4.' shortened form which attaches and uses a procedure to generate the control
cards.

The first form is:

C control cards for accounting )

FILE,TAPE30,BT=I. (optional, use only if old
ATTACH(TAPE30,lfn,ID. ......,ST=PF6) data is to be restored)
ATTACH(OLDPL,8LCAP2PLX,ID987) (attach LCAP2 program library)
UPDATE.
FTN(I=COMPILE,R=3) (compile output of UPDATE)
FILE,TAPE31,BT=I. (optional, only if LCAP2
REQUEST(TAPE31,*PF) STORE operator is to be used)
RETURN(O01DPI)
ATTACH(LCAPLID,8LCAP2LIBX,ID987) (attach LCAP2 library)
ATTACH(PLOTLIB,3FTNPLOTLIB) (attach plot library)

A- LIBRARY(LCAPLIB, PLOTLIB)
SDS ET (PR ES ETZERO )
LGO. (load and execute LCAP2 program)
CATALOG(TAPE31,8filename,ID ... ST=PF6) (optional, use only if LCAP2

STORE operator was used)
HARDCPY, ST=IDMD8. (omit argument if A3 plotter desired)
*EOR (end of record)

(UPDATE input deck as described
in previous section)

IMEOR (end of record)

- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



The secnd..form isa i

-- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

C control cards for accounting )

FiLE,TAPE3O,3T1I. (optional, use only if old
ATTACHCTAPE3O,lfnID= ... STzPF6) data is to be restored) -

ATTACNCX,SLCAP2CC,lD9.7) (attach LCAP2 control card procedure) .

IEGIN, LCAP2CCD X.
CATALOGCTAPE31,8filename,ID. ......,ST=PF6) (optional, use only if LCAP2

STORE operator was used)
HARDCPY,STsIDND8. (omit argument if A3 plotter desired)
MEOR (end of record)

(UPDATE input deck as described
in previous section)

N"%

*EOR (and of record)

In the second form, the file X will generate the same control cards as the
first form except for the (1) FILE, TAPE3O,..., (2) ATTACHCTAPE3O,. .., (3) CATA-
LOGCTAPE31,. .. and (4) HARDCPY statements. It is recommended that the second
form be used unless the user must change some of the control cards. An example -. "

when this is necessary is if the print limit is exceeded. The statement LGO.
should be changed to LOCPL. ..... ) where the value of PL is the number of print
lines.

5 ~ 1%
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6.0 LIST OF LCAP2 OPERATORS

The following is a list of the LCAP2 operators grouped by type of
operation. A brief description of each operation is included. A more detailed
description of each operator is given in Appendix A.

POLYNOMIAL OPERATORS

PADD~i,j,k) -Polynomial Add
POLYi = POLYj + POLYk

PEQU~i,j) -Polynomial Equal
POLYi = POLY,

PLDC~i) -Polynomial Load, Coefficient Form
POLYi =POLY

PLDR~i) -Polynomial Load, Root Form
ROOTi = ROOT, POLYi =PSYNTH(ROOTi). -

* PMPY~i,j,k) -Polynomial Multiply
POLYi = POLOj * POLYk

PPRN(i) -Polynomial Print
Print out PDLYi

PRTS~i) -Find Roots Of Polynomial
ROOTi = Roots of POLYi

PSUD~i,j,k) -Polynomial Subtract
POLYi =POLYj -POLYk

* S-PLANE OPERATORS

CPYPS~i,jpk) - Copy Polynomials Into S-Plane Transfer Function
* SPTFi = POLYj / POLYk

CPYSP~i,j,k) -Copy S-Plane Transfer Function Into Polynomials

POLYj = numerator of SPTFi
POLYk = denominator of SPTFi

FREQS(FAUX1) -S-Plane Frequency Response Hith User Supplied Function

SELCR~i) -Eliminate Common Roots From S-Plane Transfer Function
SPTFi =SPTFi with common roots eliminated

S.6
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SFREQUi) -S-Plane Frequency Response
Compute frequency response of SPTFj

SLOCIUi) -S-Plane Root Locus .

Compute root locus of SPTFj
.%!'

SNORM(i) -Normalize S-Plane Transfer Function
SPTFi = SPTFi with coefficients normalized

J.

SPADD(ipj,k) -S-Plane Transfer Function Add

V SPTFi =SPTFj + SPTFk

SPDIV~i,j,k) -S-Plane Transfer Function Divide
SPTFi SPTFj /SPTFk

- ~ SPEQU(i,j) -S-Plane Transfer Function Equal
SPTFi = SPTFj

SPLDCUi) -S-Plane Transfer Function Load, Coefficient Form

SPTFi =POLYN / POLYD

SPLDRUi) -S-Plane Transfer Function Load, Root Form
SROOTi =ROOTH / ROOTD , SPTFi = PSYNTH(SROOTi)

SPNPY~i,j,k) -S-Plane Transfer Function Multiply
SPFTi = SPTFj X SPTFk

SPPRNMi S-Plane Transfer Function Print
Print out SPTFi

SPRTS~i) -Find Roots Of S-Plane Transfer Function
SROOTi =Roots of SPTFi

SPSUB(i,j,k)- S-Plane Transfer Function Subtract

~7~I SPTFi = SPTFj - SPTFk

STINMi - Inverse Laplace Transform and Time Response
Compute time response of SPIFi by partial fraction expansion

SWMRX~io,) -S-to-N Plane Multirate Transform
(slow-to-fast sampler)
WPTFi = w plane multirate transform of SPTFj

SNXFM~i,j) -S-to-N Plane Transform
NPTFi = z plane transform of SPTFj

'A SZMRX~i,j) -S-to-Z Plane Multirate Transform
(slow-to-fast sampler)
ZPTFi =z plane multirate transform of SPTFj

7
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1 SZXFM(i,i) - -to-Z Plane Transform .l

. ZPTFi z plane transfrom of ?TFj

Z-PLANE OPERATORS4+.,-,.+,.._

CPYPZ(i,j,k) - Copy Polynomials Into Z-Plane Transfer Function

ZPTFi = POLYj / POLYk

CPYZP(i,j,k) - Copy Z-Plane Transfer Function Into Polynomials
POLYj = numerator of ZPTFi
POLYk = denominator of ZPTFi

FREQZ(FAUX1) - Z-Plane Frequency Response With User Supplied Function

*m% ZELCRi) - Eliminate Common Roots From Z-Plane Transfer Function
J, ZPTFi = ZPTFi with common roots eliminated

ZFREQ(i) - Z-Plane Frequency Response

* ., Compute frequency response of ZPTFi

ZLOCI(i) - Z-Plane Root Locus
Compute root locus of ZPTFi

ZMRFQ(i) - Z-Plane Multirate Frequency Response
Compute multirate rate frequency response of ZPTFi
by application of frequency decomposition method

ZMRXFM(i,i) Z-Plane Multirate Transform By Frequency Decomposition
(fast-to-slow sampler) :.. A

ZPTFi = Multirate transform of ZPTFj by application .-A

of frequency decomposition method.

ZNORM.i) Normalize .-Plane Transfer Function
ZPTFi = ZPTFj with coefficients normalized

ZPADDCi,j,k) - Z-Plane Transfer Function Add

ZPTFi = ZPTFj + ZPTFk

ZPDIVCi,j,k) - Z-Plane Transfer Function Divide
ZPTFi = ZPTFj / ZPTFk

1% ZPEQUCi,j) - Z-Plane Transfer Function Equal

ZPTFi = ZPTFj

ZPLDC(i) - Z-Plane Transfer Function Load, Coefficient Form

ZPTFi POLYN / POLYD

N



ZPLDR~i) - -Plane Transfer Function Load, Root Form
ZROOTi a ROOTH' ROOTD, ZPTFi = PSYNTHCZROOTi)

ZPMPY~ijk) -Z-Plan* Transfer Function Multiply
ZPTFi z ZPTFj x ZPTFk

ZPPRN~i) - Z-Plane Transfer Function Print
Print out ZPTFi

"a ZPRTS~i) - Find Roots Of i-Plane Transfer Function .9

* ZROOTi =Roots of ZPTFi

ZPSUI(i,j~k) - i-Plane Transfer Function Subtract
ZPTFi = ZPTFj - ZPTFk

ZSXFM~i) - -to-S Root Transformation
Compute "s plane equivalent" of roots of ZPTFi

ZTIME~i) -Inverse i-Transform and Time Response
Compute time response of ZPTFi

ZVCKG(i,j,n) - -to-ZNTrnfm
ZPTFi = ZPTFj with z replaced with zxxn

Z1WXFM~i,j) -Z-to-N Plane Transform
HPTFi =Bilinear transform of ZPTFi

'a -PLANE OPERATORS

CPYPN~i,j,k) -Copy Polynomials Into N-Plane Transfer Function
WPTFi= POLYj / POLYk

"aCPYNP~i,j,k) -Copy N-Plane Transfer Function Into Polynomials
POLYj = numerator of WPTFi
POLYk = denominator of HPTFi

FREQZCFAUX1) Z-Plane Frequency Response With User Supplied Function

NELCR~i) - Eliminate Common Roots From H-Plane Transfer Function
NPTFi = NPTFi with common roots eliminated

WFREQ~i) - -Plane Frequency Response
Compute frequency response of WPTFi

NLOCI~i) - -Plane Root LocusA
Compute root locus of NPTFi

NMRFQCi) - -Plane Multirate Frequency Responsez
Compute multirate frequency response of WPTFi by
application of frequency decomposition method

9



NMRXFM~i,,) - -Plane Multirate Transform By Frequency Decomposition
(fast-to-slow sampler)
NPTFj Multirate transform of NPTF, by application
frequency decomposition method

NNORM(i) -Normalize N-Plane Transfer Function
NPTFj = NPTFi with coefficients normalized

NPADD~i,j,k) - -Plane Transfer Function Add
NPTFi =NPTFj + HPTFk

NPDIV~i,j,k) - -Plane Transfer Function Divide
NPTFi = NPTFj / NPTFk

NPEQU(i,j) - -Plane Transfer Function Equal
WPTFi =NPTFj

NPLDC(i) - N-Plane Transfer Function Load, Coefficient Form
WPTFi = POLYN / POLYD

NPLDR~i) - N-Plane Transfer Function Load, Root Form
NROOTi = ROOTN / ROOTD, NPTFi = PSYNTH(NROOTi)

NPMPY~i,j,k) - -Plane Transfer Function Multiply
NPTFi = NPTFj K NPTFk

NPPRN(i) - -Plane Transfer Function Print
Print out NPTFi

NPRTS~i) -Find Roots Of N-Plane Transfer Function-s-
WROOTi = Roots of NPTFi -

NPSUB~i,j,k) - N-Plane Transfer Function Subtract
HPTFi = NPTFj - NPTFk

5. SXFM(i) - N-to-S Root Transformation
Find "s plane equivalent" of roots of NPTFi

WZXFM~i,j) - N-to-Z Plane Transform
ZPTFi a Bilinear transform of NPTFj

MISCELLANEOUS OPERATORS

DTERM~i,j) - Determinant Of Matrix fl(s) Nith Substitution Of Vector ][s)
For Use In Transfer Function Evaluation Via Crme' Method
POLYj = det Ul(s) with column j replaced with JIs)

DETRM~i) -Old Version Of Operator DTERM
(No substitution of JIs))
POLYi =dot 11(s) .

10



STORM~) -Store Data From Current Batch Job
(printout suppressed if i. EQ.O0)

RESTOREUi) - Restore Data From Old Batch Job Or Interactive Session
(printout suppressed if i.EQ.O)

'k70
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8.0 XAMPELES

Examples are Presented to demonstrate the utility of typical LCAP2 opera-
tors. Examples 1 through 12 were prepared to be executed sequentially in one

batch job. Example 12 demonstrates the use of the STORE operator used to save

13 demonstrates the RESTORE operator which restores data stored from a previous

batch job.

Each of the examples begins with a statement of the problem and is followed
by the user's FORTRAN code and the printed output of the program. To differen-
tiate between FORTRAN code and comments, the FORTRAN code is in upper case and
the comments are in lower case.

In Examples 1,5,6,7,9 and 10, which have requests for both printer and
hardcopy plots, only the printer plots are shown. The hardcopy plot file gener- . '

ated by these examples is Processed by the HARDCPY program after the LCAP2 pro-
gram has been executed. The hardcopy plots from these examples are presented in
Appendix F.

The examples in this section are essentially the same as those presented in
-, the Interactive LCAP2 User's Guide, Ref. 3, so that differences in usage between

both versions of LCAP2 can be compared. It should be noted that Batch LCAP2 can
include FORTRAN expressions as part of the data entry, but was not used in these
examples since the problems all used numeric data.

4%% .
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EX&WLE 1 S-PLANE FREQENCY RESPONSE0

Problems Compute frequency response of

25

a 5a + 25 .,

between .10 to 100. rad/sec.

Deta will be loaded in coefficient for, using the operator SPLDC. Polynomial
erreys POLYN end POLYD are used with SPLDC.

The FORTRAN code for this example iss

*C EXAM4PLE I
4 C LOAD IN DATA USING LCAP2 OPERATOR SPLDC AND POLYNOMIAL ARRAYS *4

C POLYN AND POLYD.
C

*POLYNCl)zD. "dog, of num."
POLYNCZ)=25. "coeff. of sENO"
POLYD(l)=2. "dog. of denom."
POLYDC2)n25. "coeff. of SKNO"
POLYD(3)=5. "coeff. of sxxl" 4..

POLYDC4)zl. "coeff. of s**2"
CALL SPLDC~i) "load coefficient data into SPTF1"

C
C ENTER FREQUENCY RESPONSE PARAMETERS FOR USE WITH SFREQ

C
FAUTOul w.NE.O CPreset=l) for auto. freq. selection mode" *.
RADzl ".NE.O Cprosetl) for rad/sec, otherwise hz" .

NOMEG=3 "number of values of OMEGA to be entered" .--

OMEGACl)d.l "OMEGA(l)zfirst frequency value to be used"
OMEGAC2)1l. "user specified frequency value"
OMEGA(3)=100. "OMEGACNOMEG)lIast frequency value to be used"
FDLAY=O "time delay CpresetO0)"
FNICO=l O.NE.O (preset=O) for Nichols plot"
FBODEzl ".NE.O (presetl) for Bode plot"
CYCLE=O ".EQ.O for auto. selection of 2 or 3 cycle for

Bode plots (Q cycle not available)"
FNYQSl ".NE.O (preset=0) for Nyquist plot"

- ~ NQD~xl ".NE.O Cpreset=o) for hardcopy Nyquist plot in db"
ORAFPxI ".NE.O (preset~l) for printer plot"
FILMzl ".NE.O Cpreset=O) for hardcopy (high resolution)

plot"

4, 13



C ENTER PLOT TITLE0
C NEAD(1)-HEAD(7) for 1ST LINE, PRINTER PLOT AND HARDCOPY
C HEAD(8)-HEADC14) for 2ND LINE, HARDCOPY ONLY

-9..1)-ED2) o R LN,"RDOYOL

C HEAD(25)-HEAD(21) for 3RD LINE, HARDCOPY ONLY

C FIRST ARGUMENT OF HEADIN4 IS POINTER TO ARRAY HEAD
CALL HEADIN4(1,4OHEXAMPLE 1 S PLANE FREQUENCY RESPONSE )
CALL SFREQC1) "compute frequency response of SPTF10

The printer output for this example is:

-. /DEGREE OF POLYN IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

DEGREE OF POLYD IS 2 (COEFFICIENTS IN ASCENDING ORDER)

25. 5. 1. ,~

-~ N SPLDC -LOAD TRANSFER FUNCTION IN COEFFICIENT FORM N

DEGREE OF NUMERATOR OF SPTFl IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

* DEGREE OF DENOMINATOR OF SPTFl IS 2 (COEFFICIENTS IN ASCENDING ORDER)
9.'25. 5. 1.

BODE GAIN = 1.0000000

CP= 4.97

N SFREQ - FREQUENCY RESPONSE OF S-PLANE TRANSFER
N FUNCTION 1N

TRANSPORT DELAY OR DEAD TIME FOR S-PLANE FREQUENCY RESPONSE (FDLAY) =0.

AUTOMATIC FREQUENCY MODE IF FAUTO.NE.O, FAUTO =1.000

.. NOMEG =3.000 OMEGA =.1000 ,1.000 ,100.

14 -
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OMEGA REAL IMAGINARY DB PHASE PHASE
RAD/SEC MARGIN
.1000 .100E+01 -.200E-01 .002 -1.15 178.85
.1200 .100E+01 -.240E-01 .003 -1.38 178.62
.1400 .100E+01 -.288E-01 .004 -1.65 178.35
.1728 .100E+01 -.346E-01 .005 -1.98 178.02
.2074 .100E+01 -.415E-01 .007 -2.38 178.62
.2488 .100E+01 -.499E-01 .011 -2.86 177.14
.2986 .100E+01 -.599E-01 .015 -3.43 176.57
.3583 .100E+01 -.720E-01 .022 -4.12 175.88
.4300 .100E+01 -.866E-01 .032 -4.95 175.05
.5160 .100E+01 -.104E+O0 .046 -5.95 174.05
.6192 .100E+01 -.126E+00 .066 -7.17 172.83
.7430 .100E+01 -.152E+00 .095 -8.64 171.36.8916 .999E+00 -.184E+00 .136 -10.44 169.56
1.070 .998E+00 -.224E+00 .194 -12.64 167.36
1.284 .995E+00 -.274E+00 .276 -15.37 164.63
2.084 .965E+00 -.487E+00 .673 -26.77 153.23
2.724 .889E+00 -.688E+00 1.017 -37.77 142.23
3.364 .728E+00 -.894E+00 1.236 -50.87 129.13
3.844 .539E+00 -.101E+01 1.202 -61.99 118.01
4.324 .311E+00 -.107E+01 .907 -73.74 106.26
4.804 .828E-01 -.103E+01 .320 -85.42 94.58
5.000 .225E-04 -.100E+01 .000 -90.00 90.00
5.480 -.162E+00 -.883E+00 -.940 -100.40 79.60
6.120 -.285E+00 -.701E+00 -2.421 -112.15 67.85
6.920 -.332E+00 -.503E+00 -4.399 -123.48 56.52
7.880 -.S17E+00 -.336E+00 -6.707 -133.27 46.73
8.840 -.273E+00 -.231E+00 -8.834 -140.25 39.75
10.12 -.226E+00 -.148E+00 -11.362 -146.83 33.17 -..11.40 -.184E+00 -.999E-01 -13.584 -151.50 28.57
13.00 -.144E+00 -.651E-01 -16.014 -155.71 24.29
14.92 -.111E-00 -.418E-01 -18.536 -159.32 20.68
16.84 -.874E-01 -.285E-01 -20.731 -161.96 18.04
19.40 -.661E-01 -. 183E-01 -23.275 -164.57 15.43 .* .
21.96 -.517E-01 -.124E-01 -25.488 -166.50 13.50
25.16 -.394E-01 -.816E-02 -27.902 -168.31 11.69
29.00 -.297E-01 -.528E-02 -30.410 -169.92 10.08
32.84 -.232E-01 -.361E-02 -32.598 -171.14 8.86* 37.96 -.173E-01 -.232E-02 -35.140 -172.37 7.63
43.08 -.135E-01 -.158E-02 -37.354 -173.29 6.71
49.48 -.102E-01 -.104E-02 -39.774 -174.17 5.83
57.16 -.765E-02 -.674E-02 -42.292 -174.96 5.04
64.84 -.595E-02 -.461E-03 -44.489 -175.56 4.44
75.08 -.443E-02 -.297E-03 -47.043 -176.17 3.83 OR %
85.32 -.343E-02 -.202E-03 -49.268 -176.63 3.37
98.12 -.260E-02 -.133E-03 -51.700 -177.08 2.92
100.0 -.250E-02 -.125E-03 -52.030 -177.13 2.87

-. '9
. .V , , , .I,. - .,, ,,, , ,.,, .: .,,. 
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tNICHOLS PLOT CMAGN. VS PHASE) 10/31/83

EXAMPLE I S PLANE FREQUENCY RESPONSE

16.0I

I ~ -J.

12.0I
10.0I0
8.00I
6.00I

.. "4.00 I

'P * ~2.00NNNN I

0. -------------------------------------------
-2.00 I

-4.00 M

-6.00 N

-8.00 I

-10.0 I ""

-12.0 N I

,- 0. -( i3 . . ) X ))) .

-14.0 N I

-1.O0 N I %'

.,,-1.O0 MN I"--'-..

-20.0 N I

-22.0 I
-24.0 M I
-26.0 N I

-28.0 N I

-30.0 N I

-32.0 N I

-34.0 N I

-36.0 N I

-38.0 N I

-40.0 N I

-42.0 N I

,', -44.0 N I
-46.0 N I

-48.0 N I

-50.0 N I

-52.0 N I
S. -54.0

-56.0 I

-58.0 I

-60.0 I

-62.0 I

-64.0 I

-66.0 I

-68.0 I
41I I I I I I I I I I I ,. . .

-360.000 -288.000 -216.000 -144.000 -72.000 0.000

FILM PLOT COMPLETED

16
S %.
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BODE PLOT (MAGN. VS FREQ.) 10/31/83
EXAMPLE 1 S PLANE FREQUENCY RESPONSE

16.0 1
14.0 1
12.0 1
10.0 1 O
6.00 1
4.00 ..- "

N:.'. 2.00 1 M.--

0. M-M--M-M-M MM-----------------------------
-2.00 I
-4.00 1 N

-6.00 I1M
-8.00 1 N

-10.0 1 N

-12.0 1 .'
-14.0 1 .
-16.0 1 N

-18.0 1 N

-20.0 1 M.
-22.0 I .
-24.0 1 "N
-26.0 1 ,.
-28.0 1 M
-30.0 1
-32.0 1
-34.0 1 N
-36.0 ,.
-38.0 I .
-40.0 1 N

-42.0 I M

-44.0 I ,,
-46.0 I N

-48.0 I ,
-50.0 I N

-52.0 I N
-54.0 I
-56.0 1
-58.0 I
-60.0 I
-62.0 1

-64.0 1
-66.0 1
-68.0 I

I I I I I I I I I .'

.100E+00 1.00 10.0 100.

17
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BODE PLOT CHAGH. VS FREQ.) 10/31/83
EXAMPLE 1 S PLANE FREQUENCY RESPONSE

30.0 1
420.0 I

10.0 I
0. NNN-NNN-----------------------------------------------------

-10.0 I1MNN
-20.0 I1NN
-30.0 I1N
-40.0 I1U
-50.0 I1N
-60.0 I N

-70.0 1 N
-80.0 1
-90. 0 1 M

-100. 1 MN-

-110. I1

-130. 1 N

-130. 1 U

-150. I U

-160. I1MX
-170. I1NNNNN
-180. 1 NU

-190. 1
-200. 1

V-210. I
-220. I
-230. 1
-240. 1

.''.-250. 1

-260. I
a.-270. I

'a-280. I
-290. I
-300. 1

-310. I
-320. I

v-330. I
-340. I
-350. 1

-360. 1
-370. 1
-380. I
-390. I

.100E+00 1.00 10.0 100.
FILM PLOT COMPLETED



NYQUIST PLOT 10/31/83 O
EXAMPLE 1 S PLANE FREQUENCY RESPONSE

4.20 1
4.00 I

3.80 I
3.60 1

,.3.40
3.20 1

3.00 1 . "
2.80 1
2.60 I
2.40 1
2.20 I
2.00 I
1.80 1 ..:

1.60 1
1.40 1
1.20 I

1.00 I

.800 1

.600 I

.400 1

.200 I
0. ----- ---------------------- - ----------- -----------------
-.200 1NI

-.400 N I ,

-.600 N I .

-.800 NNI
-1.00 NNNNNNNNN

-1.20 I

-1.40 I

-1.80 1

-2.00 I1'

-2.40 I
-2.60 I
-2.80 .
-3.00I". .."
-3.20 .-'
-3.40 i
-3.80 i
-4.00 I 6
-4.20 1

I I I I I I I I I I I"-.-

-2.50 -2.00 -1.50 -1.00 -.50 0.00 .50 1.00 1.50 2.00 2.50
FILM PLOT COMPLETED CP= 5.30

19
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EXAMPLE 2 ROOTS OF A POLYNOMIAL

o-o-..o

Problem: Compute the roots of the polynomial

3 2 1
x + 13x + 38x + 34

'.C The FORTRAN code for this example is:

C EXAMPLE 2
C LOAD IN DATA USING LCAP2 OPERATOR PRTS AND POLYNOMIAL ARRAY POLY
C

POLY(1):3 "deg. of polynomial"
V. POLY(2)=34. "coeff. of xx3O"

POLY(2)=38. "coeff. of x3*1" -.

POLY(2)=13. "coeff. of x**2"
POLY(2)=I. "coeff. of xM*3"
CALL PLDC(1) "load coefficient data into POLYI"

C .-. .: . .
C CALL PRTS(l) "find roots of POLY1-.'' C ... . ". .

$bq++. The printer output for this case is: r
'• s s

DEGREE OF POLY IS 3 (COEFFICIENTS IN ASCENDING ORDER)

34. 38. 13. 1.

N" PLDC -POLYNOMIAL LOAD IN COEFFICIENT FORM "

DEGREE OF POLY1 IS 3 (COEFFICIENTS IN ASCENDING ORDER)
-- 3 4 . 3 8 . 1 3 . 1 . e +

"-a, DEGREE OF POLYl IS 3 (COEFFICIENTS IN ASCENDING ORDER)

34. 38. 13. 1.

DEGREPOTS PFIND ROOTS OF POLY(N O

20-'- 4-1sN RT -FID OOS F OL-
_ . "o - . -9.* .- . .

.'. ,, "- .'2 0

*,,.+, .,.*p .,,,, ,,r +r],. ,,, r ... ... .. , , -,...- y.,...,.-...,... . ... .- ... ... ... ',....C,..



THE ROOTS OF ROOTI ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.8445105 -.49938380 1.910916 .96524896 -.
2 -1.8445105 .49938380 1.9109168 .96524896

3 -9.3109790 0.

LOW ORDER NON ZERO COEFFICIENT = 34.000000

* DEGREE OF POLY IS 3 (COEFFICIENTS IN ASCENDING ORDER)
34. 38. 13. 1. 4.

CP= 5.31

421

---.-.-.

4-..-0:-.

.11.0w50 .9388 1 9016 96289 ' .

3 9.1970 ." .-

LO RERNNZROCEFC N - 40000-
.4"..- •.

DEGRE OFPOLY ZS 3(COFFZCENTSTN ACENTNG RDER "2'-'-
3 . 38. 13 1. ".'"'"

*4.4 ,-~

Cp= 5.31"'. "..

4...-.,.

*.-.4.- ,
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EXAMPLE 3 MULTIPLY TWO S-PLANE TRANSFER FUNCTIONS

Problems Multiply the following two s-plane transfer functions
,,,. *•

a
30( - + 1)

25 10endand

2w "9 s + 25 70(s)( + 1 )C - + 1 +C I

7 1+ j2 1-,2

The first transfer function is the same as SPTF1 from Example 1. The second
transfer function is given in root form. When transfer function data is
expressed in root form, gains associated with the numerator and denominator must
be specified to uniquely define the transfer function. The gains used by LCAP2
correspond to the low order non-zero coefficient of the numerator and denomina-
tor polynomials if the root form were expanded out. For this example, these two

-.. ,. gains would be 30 and 70. (A distinction is made for the low order non-zero coef-
ficient since the low order coefficient can be zero as is that of the
denominator in this example.)

The FORTRAN code for this example ist y.

C EXAMPLE 3
C FIRST TRANSFER FUNCTION IS THE SAME AS SPTF1 OF EXAMPLE 1
C
C LOAD IN ROOT DATA FOR THE SECOND TRANSFER FUNCTION USING
C SUBROUTINE SPLDR AND POLYNOMIAL ROOT ARRAYS ROOTN AND ROOTD

" ROOTN(l)=(1.,30.) "real part = no. of roots and imag.
part = low non-zero gain of num.,"

ROOTN(2)=(-IO.,O.) "first root-
ROOTD(l)=(4.,70.) "real part = no. of roots and imag.

part = low non-zero gain of denom.,"
ROOTD(2)=(-l.,2.) "first root"
ROOTD(3)=(-l.,-2.) "second root"
ROOTDC4)=(-7.,O.) "third root"
ROOTD(5)=(O.,O.) "fourth root"
CALL SPLDR(2) "load root date into SPTF2w

C .
C MULTIPLY THE TWO TRANSFER FUNCTIONS

CALL SPMPY(3,1,2) "multiply SPTF1 and SPTF2 and store
in SPTF3"

C

The printer output for this example is,

22
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Q'p.

7 % - 7, "+. 10-.b-A

THE ROOTS OF ROOTN ARE

NO. REAL IMAG. OMEGA ZETA

1 -10.000000 0., ,-A I .oo o oo .. -.'.

'- THE ROOTS OF ROOTD ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 2.0000000
2 -1.0000000 -2.0000000
3 -7.0000000 0.
4 0. 0.

N SPLDR - LOAD TRANSFER FUNCTION IN ROOT FORM "

THE NUMERATOR ROOTS OF SROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -10.000000 0.

LOW ORDER NON ZERO COEFFICIENT = 30.000000

THE DENOMINATOR ROOTS OF SROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 2.0000000 2.23606798 .447213595
2 -1.0000000 -2.0000000 2.23606798 .447213595

3 -7.0000000 0.
p 0. 0.

LOW ORDER NON ZERO COEFFICIENT 70.000000

DEGREE OF NUMERATOR OF SPTF2 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
50. 3.

, DEGREE OF DENOMINATOR OF SPTF2 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 70. 38. 18. 2.

BODE GAIN : .42857143

t --!

- CP= 5.31,

,, %.



DEGREE OF NUMERATOR OF SPTF1 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

%- %-

DEGREE OF DENOMINATOR OF SPTF IS 2 (COEFFICIENTS IN ASCENDING ORDER)

25. 5. 1.

BODE GAIN 1.000000

THE NUMERATOR ROOTS OF SROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

- ~1 -10.000000 0.

LOW ORDER NON ZERO COEFFICIENT = 30.000000

THE DENOMINATOR ROOTS OF SROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 2.0000000
2 -1.0000000 -2.0000000

3 -7.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = 70.000000

DEGREE OF NUMERATOR OF SPTF2 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
30. 3.

DEGREE OF DENOMINATOR OF SPTF2 IS 4 (COEFFICIENTS IN ASCENDING ORDER)

0. 70. 38. 18. 2.

BODE GAIN = .42857143

SPTF3 SPTF1 N SPTF2

N N NN.. :.-.'.:4 .

DEGREE OF NUMERATOR OF SPTF3 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
750. 75.

DEGREE OF DENOMINATOR OF SPTF3 IS 6 (COEFFICIENTS IN ASCENDING ORDER)
0. 1750. 1300. 710. 178. 28. 2.

BODE GAIN .42857143 .- "-

-. -. -. - - - - - - - - - - - - -

CP= 5.32

24
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Not* that if the second transfer function were expressed in a different form,0
the numerator and denominator non-zero coefficients would not necessarily
appear explicitly. For example, if the root locus representation were used,

." ia., __ __ __ __ _ _"__ _;1

r # lR s + 10)

2C s + 7 )( s+ 1 j2 ) s + - j2)

S."• ' then '-:

'5" numerator low order non-zero coefficient (3)(10) 30
denominator low order non-zero coefficient ( 2)(7)(l+j2)(l-j2) =70

.1*'

*5~%

.225

.....,,

S.-,

2.
4  
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EXML 4 CLSE LOO S-LN TRASFE FUCTO 0! --

3%q 2.11

Problem mpGi e ope ce loop transfer function (s) anwfedaceranf.

'C. H~) wher

F(s)

HIs + s~sl.5

'-'C

Th OTRAN ode fo this ff exapl is

POLYN(4)0:. "dce. of num."'

POLYD(2):O. "coeff. of s**G"

CALL REMARK3(3OHG(S) IS IN SPTF4
CALL SPLDC(4) "load 0(s) date into SPTF4"

-~~ C 4

C LOAD IN COEFFICIENTS OF H(S)
C

POLYN(l)1 "deg. of num."
POLYN(2)=1.5 "coeff. of s**O"
POLYN(3)l "coeff. of s~xl"
POLYD(l)l "dog. of denom."
POLYD(2)15. "coeff. of s*KO"
POLYD(3):l. "coeff. of s*Xl"
CALL REMARK3(3OHH(S) IS IN SPTF5

26



CALL SPLDC(5) "load H(s) data into SPTF5"C_, , .. -.. .
C MULTIPLY G(S) AND K(S)
C

CALL REMARK4(4OHG(S)NH(S) IS IN SPTF6 -

CALL SPMPY(6,4,5) "G(s)*H(s) is in SPTF6"
C
C LOAD IN UNITY TRANSFER FUNCTION
C

POLYN(l)=0 "deg. of num."
POLYN(2)=I "coeff. of s-O"
POLYD()=0 "deg. of denom. "
POLYD(2)=I "coeff. of s*O"

CALL SPLDC(7) "unity transfer function is in SPTF7"

C .. .

C

CALL REMARK4(4OH1 + G(S)XG(S) IS IN SPTF8 "
CALL SPADD(8,7,6) "1 + G(S)*H(S) is in SPTF8"

C
C FORM CLOSED LOOP TRANSFER FUNCTION BY DIVIDING G(S) BY G(S)+H(S)

C
CALL SPDIV(9,4,8) "closed loop transfer function is in SPTF9"

C . . . . . .

C ELIMINATE COMMON ROOTS BETWEEN NUMERATOR AND DENOMINATOR

C
CALL REMARK4(OHCLOSED LOOP T. F. IS IN SPTF9 -
CALL SELCR(9) "eliminate common roots of SPTF4"

The printer output for this example is:

O(S) IS IN SPTF4

DEGREE OF POLYN IS 0 (COEFFICIENTS IN ASCENDING ORDER)
15.

DEGREE OF POLYD IS 2 (COEFFICIENTS IN ASCENDING ORDER)

0. 5. 6. 1.

N SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM "

DEGREE OF NUMERATOR OF SPTF4 IS 0 (COEFFICIENTS IN ASCENDING ORDER)

15.

27
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1,-" 7N '-I- I% 2- ' :- .-.--- :. ;-v'' *x .-. : . ' r 2 r r - 7W; .-

DEGREE OF DENOMINATOR OF SPTF4 IS 3 (COEFFICIENTS IN ASCENDING ORDER)

0. 5. 6. 1.

BODE GAIN = 3.0000000

CP= 5.33
H(S) IS IN SPTF5 "

*/-. DEGREE OF POLYN IS 1 (COEFFICIENTS IN ASCENDING ORDER)
1.5 1.

DEGREE OF POLYD IS 1 (COEFFICIENTS IN ASCENDING ORDER)
0. 1.

--N SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM "

DEGREE OF NUMERATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

'. 1.51.

A DEGREE OF DENOMINATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

BODE GAIN = .10000000E+OO

- -U - - - - - - - - - - - - - -.

"' CP= 5.33 .-j
G(S)NH(S) IS IN '-PTF6

DEGREE OF NUMERATOR OF SPTF4 IS 0 (COEFFICIENTS IN ASCENDING ORDER)

15.

DEGREE OF DENOMINATOR OF SPTF4 IS 3 (COEFFICIENTS IN ASCENDING ORDER)

0. 5. 6. 1.

BODE GAIN = 3.0000000

DEGREE OF NUMERATOR OF SPTFS IS 1 (COEFFICIENTS IN ASCENDING ORDER)

-a 1.5 1.

DEGREE OF DENOMINATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
"-"" 15. 1.--

BODE GAIN = .10000000E+O0

ilm -lm.
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n SPTF6 SPTF4 N SPTF5 N .

DEGREE OF NUMERATOR OF SPTF6 IS I (COEFFICIENTS IN ASCENDING ORDER)
22.5 15.

DEGREE OF DENOMINATOR OF SPTF6 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 75. 95. 21. 1.

BODE GAIN : .30000000

CP=  5.35

DEGREE OF POLYN IS 0 (COEFFICIENTS IN ASCENDING ORDER)
N1.

DEGREE OF POLYD IS 0 (COEFFICIENTS IN ASCENDING ORDER) ....

N SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM .

DEGREE OF NUMERATOR OF SPTF7 IS 0 (COEFFICIENTS IN ASCENDING ORDER)

DEGREE OF DENOMINATOR OF SPTF7 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
1.

BODE GAIN z 1.00000000

CP=  5.36 ""i

I + G(S)*H(S) IS IN SPTF8

DEGREE OF NUMERATOR OF SPTF7 IS 0 (COEFFICIENTS IN ASCENDING ORDER)1.

DEGREE OF DENOMINATOR OF SPTF7 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
1.

BODE GAIN 1.00000000

DEGREE OF NUMERATOR OF SPTF6 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
22.5 15.

-.4 --.
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.0. 75. 95. 21. 1.

BODE GAIN z .30000000

- SPTF8 = SPTF7 + SPTF6

DEGREE OF NUMERATOR OF SPTF8 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
22.5 90. 95. 21. 1.

DEGREE OF DENOMINATOR OF SPTF8 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 75. 95. 21. 1.0000000

BODE GAIN = .30000000

CP= 5.38

DEGREE OF NUMERATOR OF SPTF4 IS 0 (COEFFICIENTS IN ASCENDING ORDER)

DEGREE OF DENOMINATOR OF SPTF4 IS 3 (COEFFICIENTS IN ASCENDING ORDER)
0. 5. 6. 1.

ma

BODE GAIN = 3.0000000

DEGREE OF NUMERATOR OF SPTF8 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
22.5 90. 95. 21. 1.

DEGREE OF DENOMINATOR OF SPTF8 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 75. 95. 21. 1.0000000

BODE GAIN = .30000000

N SPTF9 = SPTF4 / SPTF8 

DEGREE OF NUMERATOR OF SPTF9 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 1125. 1425. 315. 15.

DEGREE OF DENOMINATOR OF SPTF9 IS 7 (COEFFICIENTS IN ASCENDING ORDER)
0. 112.5 585. 1037.5 765. 226. 27. 1.

BODE GAIN =10.000000

30
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0.~~~~ 115 145 31. 5

I-- °

DEGREE OF DNMRATOR OF SPTF9 IS 4 (COEFFICIENTS IN ASCENDING ORDER)

0. 1125 1425.•15..15

0. 112.5 585. 1037.5 765. 226. 27. 1.

BODE GAIN 10.3.0000000

N SELCR -ELIMINATE COMMON ROOTS OF S-PLANE
COE O TRANSFER FUNCTION 9,

THE COMMON ROOTS ELIMINATED ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 0.
2 -5.0000000 0.
3 0. 0.

N SPTF9 =PSYNTH(SROOT9)N

THE NUMERATOR ROOTS OF SROOT9 ARE -

NO. REAL lIIAG. OMEGA ZETA

1 -15.000000 0.

LOW ORDER NON ZERO COEFFICIENT N1125.0000

THE DENOMINATOR ROOTS OF SROOT9 ARE

NO. REAL IMAG. OMEGA ZETA

1 -.755541434 0.
2 -.416857608 0.-.o
3 -4.73265645 0.
4 -15.0949445 0.

LOW ORDER NON ZERO COEFFICIENT 112.50000

31
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115 ..

DEGREE OF DENOMINATOR OF SPTF9 IS 4 (COEFFICIENTS IN ASCENDING ORDER)-
112.5 450. 475. 105. 5. .,

-' -' "BODE GAIN = 10.000000"'
--- -- 0--

.p= 5.44

4..ts --'

1125..75. "

-;.4 1125 50 47.-05.5

.0%

432

Ile

' CP 5.44"
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EXAMPLE S S-PLANE ROOT LOCUS

Problems Compute the toot locus for the following transfer function

1.8( -+1)

sc - I + 1I - + 1)C + I

2 3 5 -il 5 + i

by varying the nominal gain from .125 to 2.

The FORTRAN code for this example is:
-- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

C EXAMPLE 5
C LOAD IN ROOT DATA FOR TRANSFER FUNCTION
C

J~'lROOTN(l)=(l.,1.8) "real part = no. of roots and imag.
part = low non-zero gain of num.,"

ROOTN(2)C(-l.,O.) "first root"
4ROOTD(l)C(5.,l.) "real part = no. of roots and imag.

part = low non-zero gain of denom.,"
ROOTD(2)=C-5.,-1.) "first root"
ROOTDC3)=C-5.,l.) "second root"

.4'ROOTDC4)=(-3.,O.) "third root"
ROOTDC5)=(-2.,O.) "fourth root" -

ROOTDC6)C(0.,O.) "fifth root"
CALL SPLDRC1O) "data stored in SPTFlO"

C: .

C ENTER ROOT LOCUS PARAMETERS FOR USE WI1TH SLOCI ~
C

NLOCI=2 "number of values of KGAIN to be entered
'AKGAIN(l)=.125 "KGAIN(l)=first gain value to be used

KOAINC2)=2. "KGAINCNLOCI)lIast gain value to be used
KFLG=O ".EQ.O to increment gain by multiplying by KDELT,

.NE.O to increment gain by adding by KDELT"
KDELT=2 "value for changing gains (presetl.E. so that no

additional gains are computed by the program"
ORAFPlI ".NE.O (presetl) for printer plot
FILM=I ".NE.O (presetOC) for hardcopy (high resolution)

plot"
RLXMN:-9 "min. x axis for plot"
RLXMXl "max. x axis for plot"

V "auto. scaling of x axis if RLXMN=RLXMX"
RLYMN=-I "min. y axis for plot"
RLYNX=9 "max. y axis for plot"

"auto. scaling of y axis if RLYMN=RLYMX"S

33
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CALL HEADIN4(1,4OHEXAMPLE 5 S PLANE ROOT LOCUS)I
CALL SLOCI(lO) "compute root loci of SPTF1O" .

-------------------- ---- --- --- ---- --- --- ---- --- --- ---- --- ---

The Printer output for this example iss

THE ROOTS OF ROOTN ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 0.

THE ROOTS OF ROOTD ARE

NO. REAL IMAG. OMEGA ZETA

1 -5.0000000 -1.0000000
2 -5.0000000 -1.0000000

3 -3.0000000 0.
4 -2.0000000 0.
5 0. 0. .-.

S SPLDR =LOAD TRANSFER FUNCTION IN ROOT FORM

THE NUMERATOR ROOTS OF SROOT10 ARE

NO. REAL IMAG. OMEGA ZETA

.1~1 -1.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = 1.8000000 a

THE DENOMINATOR ROOTS OF SROOT10 ARE

- ~ NO. REAL IMAG. OMEGA ZETA

1 -5.0000000 -1.0000000
2 -5.0000000 -1.0000000
3 -3.0000000 0.
4 -2.0000000 0.6
5 0. 0.

LOW ORDER NON ZERO COEFFICIENT = 10000000

DEGREE OF NUMERATOR OF SPTF10 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
- 1.81.
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0.. 1. 12.. 179481794 .5256402564 .0961538461538 .006402561025

BOEGAN 18000

DEGRE OFDENOINAO ODE NPFON ISR 5COEFFICIENTS IN.SCEDIN0ORER

2OEGI 1.80000000 -1.0000

DEGREE ~TH NUERTO ROOTSTO OFST1 S I (OFICR NTS ARE CEDN ODR

1. -11.0000

LODE ORDER NN000 ZER COFIIN% .000

THE DEOIAORE ROOTS ZOESRT1 ARE

NO. REAL IMAG. OMEGA ZETA

3 -3.0000000 0.

4 -2.00000030



gg THE OPEN LOOP POLES ARE

4....... .

.. NO. REAL IMAG. OMEGA ZETA

,: .-

;."-"I1 -5. 0000000 -1. 0000000 ' "

.-. -

, , 2 -5. 0000000 1. 0000000"."
"3 -2. 0000000 0.

4 -3. 0000000 0. .

4.-.

., - 5 0. 0. ,?

CLOSED LOOP POLES FOR GAIN = 1250000 (GAIN LOP 1) ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.7947341 -1.1077310 201090611 .85096357
2 -1.7947341 1.1077310 2.1090611 .85096357

3 -5.5892217 .661425 5.8309290 .9585737
4 -.- 1.661425 5.8309290 .9585737

5 -. 2208832 O.

--. --- - -

CLOSED LOOP POLES FOR GAIN = .2500000 (GAIN NO. 21) ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.4171985 -1.118858 2.021752 .70097500

2 -1.4171985 1.018858 2.021752 .70097500
3 -5.85775 1.9606112 6.1771582 .95829277

4 -5.85775 -1.9606112 6.1771582 .95829277

5 -.45009415 0.

CLOSED LOOP POLES FOR GAIN = .5000000 (GAIN NO. 3) ARE

NO. REAL IMAG. OMEGA ZETA

1 -. 735061 -1.900082 2.12156 .70619915
2 -. 735061 1.9000842 2.123156 .0619915
3 -6.1975818 -2.333777 6.6226582 .93581767
4 -6.1975818 2.3343777 6.6226384 .93581763

5 -.7103518 0.

p.'..

CLOSED --LOOP --POLES-FOR--GAIN----50000----(GAIN --NO. -3)-ARE

36"""
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NO. RELIA4.NAZT

5-.84826.0

-- - - - -- - - - -- - - - -- - - - -- - - - -- - - - -- - - -

CLOSED LOOP POLES FOR GAIN 2 .0000000 (GAIN NO. 4) ARE

NO. REAL IMAG. OMEGA ZETA

1 -.100254 -3.1088097 3.51048 -.12230049E0
2 -.149254 3.1080974 3.51048 -.32230049E0
5 -6.132820 -2.33957 7.85482 .90156907
4 -7.13210 2.33904455 7.853842 .90146907

5 -.935882926 0.

CLOSED LOO PO FOMANPL.0000EGANNOE)DR

NOOELnMG MEAZT

1 .102514 -3108677 .110837 -.323004E37

-?A.



ROOT LOCUS 10/31/'83
EXAMPLE 5 S PLANE ROOT LOCUS

10.2
9.90 I"4
9.60I

'a 9.50
9.00
8.70I
8.40I

-S. 8.10I
7.80I
7.50I
7.20I
6.90I
6.60I
6.30I
6.00
5.70I
5.40I

* 5.10I
4.80I
4.50 I'4 ~
4.20I
3.90
3.60I
3.30 I
3.00 I
2.70 I
2.40 I*44%
2.10 I
1.80 K I
1.50KI
1.20 I
.900I
0.600I
.300

-1.00

-9.00 -8.00 -7.00 -6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 --

'a:CP= 5.56 or.
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EXAMPLE 6 INVERSE LAPLACE TRANSFORM AND TIME RESPONSE

* Problems Find the inverse Laplace transform and the step response
of the following transfer function

432s + 4320

4 3 2 1
s + 35s + 345s + 1008s + 2160

Plot the response in increments of .05 seconds from 0 to 5 seconds.

The inverse Laplace transform is computed by the partial fraction method. The
algorithm used to compute the partial fraction expansion requires that (1) there

a re no multiple poles other than those at the origin and (2) the degree of 
the

numerator must not be greater than the number of non-zero poles of the denomina-
tor. Up to 5 poles at the origin are allowed.

The FORTRAN code for this example is:

S C EXAMPLE 6
C LOAD COEFFICIENT DATA FOR TRANSFER FUNCTION
C

POLYN(l)lI. "deg. of num."
POLYN(2)=4320. "coeff. of sKNO"'
POLYN(3)=432. "coeff. of sN3El"
POLYD(l)=4. "deg. of denom."
POLYD(2)=2l60. "coeff. of s3(O"s
POLYD(3)=1008. "cooff. of s3O*l"'
POLYD(4)=345. "coeff. of s*(X2"
POLYD(5)=35. "coeff. of s*3(IE3
POLYD(5)1I. "coeff. of s**4"'
CALL SPLDCC11) "load coefficient data into SPTF110

C. . . . . . .
C ENTER PARAMETERS FOR TIME RESPONSE
C

TSTEPl ".NE.O (preset~l) for step response,
.EQ.O for impulse response"

TMAGN=l. "magnitude of the input"
TZERO=0. "starting time for evaluating the response" ..

TEND=5. "end time for evaluating the response"
TDELT=.05 "time increment for evaluating the response"
GRAFPl ".NE.O (presetl) for printer plot
FILM=1 ".NE.O (preset=O) for higher resolution electro-

static plot"
CALL HEADIN5Cl,

+50HEXAMPLE 6 INVERSE LAPLACE TRANSFORM AND TIME RESPO

CALL HEADINlC6,1ONNSE)

39



CALL STIME(11) "compute inverse Laplace transform and time response""

The printer output for this example is"
-' 0 %," ---

DEGREE OF POLYN IS 1 (COEFFICIENTS IN ASCENDING ORDER)
4320. 432.

DEGREE OF POLYD IS 4 (COEFFICIENTS IN ASCENDING ORDER) *.

2160. 1008. 345. 35. 1.

N SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM N

DEGREE OF NUMERATOR OF SPTF11 IS 1 (COEFFICIENTS IN ASCENDix1G ORDER)
4320. 432.

DEGREE OF DENOMINATOR OF SPTF11 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
2160. 1008. 345. 35. 1.

BODE GAIN = 2.0000000

CP= 5.58 *. .;.-

THE NUMERATOR ROOTS OF SROOT11 ARE

NO. REAL IMAG. OMEGA ZETA

1 -10.000000 0.

LOW ORDER NON ZERO COEFFICIENT = 4320.0000

THE DENOMINATOR ROOTS OF SROOT11 ARE ,

NO. REAL IMAG. OMEGA ZETA

1 -1.5000000 -2.5980762 3.00000000 .500000000 .

2 -1.5000000 2.5980762 3.00000000 .500000000
3 -12.000000 0.
4 -20.000000 0.

LOW ORDER NON ZERO COEFFICIENT 2160.0000 - -

DEGREE OF NUMERATOR OF SPTF11 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
4320. 432.

N, . w , . t*
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DEGREE OF DENOMINATOR OF SPTF11 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
2160. 1008. 345. 35. 1.

BODE GAIN 2.0000000

N STIME -TIME RESPONSE OF S-PLANE TRANSFERN
FUNCTION 11

COMPUTE STEP RESPONSE IF TSTEP.NE.0., CTSTEP =1.0)

OTHERWISE COMPUTE IMPULSE RESPONSE.

SCALE OUTPUT BY TMAGN, CTMAGN 1.00000 )

NO. ROOT PARTIAL FRACTION COEFFICIENT

1 -1.5000000 -2.5980762 -.99977959 -.69735056
2 -1.5000000 2.5980762 -.99977959 .69735056
3 -12.000000 0. .76923077E-01 0.

*4 -20.000000 0. -.76923077E-01 0.
5 0. 0. 20.000000 0.

ANALYTICAL SOLUTION IS THE SUMMATION OF THE FOLLOWING 4~ TERMS

C2.0000 )NTNN 0

((-2.000 )N~cosC 2.60 *T))+C-1.395 )*(sin( 2.60 NT)))NENN(-1.500 XT)
SC .76923E-01) N Ex*( -12.000 N T)

( -.77364E-01) N ENN( -20.000 N T)

a41
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Ni TIME RESPONSE XX'

TIME VALUE TIME VALUE TIME VALUE

0. 0. 1.7000 2.1497 3.4000 2.0054
.50OOE-01 .66945E-02 1.7500 2.1235 3.4500 2.0066
.10000 .44037E-01 1.8000 2.0985 3.5000 2.0075
.15000 .10879 1.8500 2.0749 3.5500 2.0082 .-. 0
.20000 .20673 1.9000 2.0530 3.6000 2.0086
.25000 .32913 1.9500 2.0330 3.6500 2.0087
.30000 .46993 2.0000 2.0152 3.7000 2.0086
.35000 .62345 2.0500 1.9995 3.7500 2.0084
.40000 .78455 2.1000 1.9860 3.8000 2.0084
.45000 .94871 2.1500 1.9747 3.8500 2.0076
.50000 1.1120 2.2000 1.9655 3.9000 2.0070
.55000 1.2711 2.2500 1.9582 3.9500 2.0063
.60000 1.4233 2.3000 1.9529 4.0000 2.0057
.65000 1.5664 2.3500 1.9493 4.0500 2.0050
.70000 1.6985 2.4000 1.9472 4.1000 2.0042

.75000 1.8186 2.4500 1.9466 4.1500 2.0035

.80000 1.9257 2.5000 1.9471 4.2000 2.0029

.85000 2.0194 2.5500 1.9487 4.2500 2.0022

.90000 2.0997 2.6000 1.9511 4.3000 2.0016

.95000 2.1667 2.6500 1.9542 4.3500 2.0011
1.0000 2.2209 2.7000 1.9578 4.4000 2.0006
1.0500 2.2209 2.7500 1.9618 4.4500 2.0001
1.1000 2.2937 2.8000 1.9661 4.5000 1.9998

1.1500 2.3140 2.8500 1.9704 4.5500 1.9994
1.2000 2.3249 2.9000 1.9748 4.6000 1.9992
1.2500 2.3276 2.9500 1.9791 4.6500 1.9990
1.3000 2.3230 3.0000 1.9832 4.7000 1.9988
1.3500 2.3123 3.0500 1.9871 4.7500 1.9987
1.4000 2.2966 3.1000 1.9907 4.8000 1.9986
1.4500 2.2769 3.1500 1.9940 4.8500 1.9986
1.5000 2.2542 3.2000 1.9970 4.9000 1.9986
1.5500 2.2293 3.2500 1.9996 4.9500 1.9986
1.6000 2.2032 3.3000 2.0019 5.0000 1.9987
1.6500 2.1764 3.3500 2.0038

:::::'.'.'
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A-A--A',. ,,_- ., -. .

TIME RESPONSE 10/31/83

EXAMPLE 6 INVERSE LAPLACE TRANSFORM AND TIME RESPONSE

--.,..,,

3.30 1
3.20 1
3.10 1
3.00 1
2.90 1
2.80 1
2.70 1
2.60 1
2.50 1
2.40 1
2.30 I1NMM
2.20 1 N M

2.10 I1 MX ..
V 2.00 1 NNN NNMNMNNMNNMM*

V,,, I .". .A

A,.' 1.90 I1 MM

1.80 1
1.70 1
1.60 1

S,1.50 1
1.40 1 N
1.30 1
1.20 I
1.10 1
1.00 I
.900 I

4" .. 800 I 
.700 I
.600 I .
.500 1 -
.400 I
.300 1 .

.200 I A"."

.100E+00 I N

0. N------------------------------------------------------------------
-. 100E+00 I
-.200 I

1.10 .1

-. 300 I
-.400 I
-.500 1

S- .500 1

.700 I

.600 I
-.900 I .

.30 I I I I"

0.00 .50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
FILM PLOT COMPLETED

-. 20

-. A0.'.3.

4143
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EXAMPLE 7 INVERSE Z-TRANSFORM BY POWER SERIES METHOD

Problem: Find the inverse z transform and the step response of the
following transfer function

.-..

4 3 2 1 0
a z + az + az +a z +a

4 3 2 1 0

4 3 2 1
b bz + bz + bz +b z +b
4 3 2 1 0

-* *

where a =-1.96474786E-4 b = 0.243334776
0 0

a = -3.87975526E-4 b = -1.58617798

a 1.49221356E-5 b =3.43416283

2 2

a 4.07871707E-4 b -3.09127983
3 3

a 2.01448831E-4 b 1.0
4 4

-Sand the sampling period is .04 seconds.

Although the power series method for computing the inverse z transform is not as
accurate as the partial fraction method, the results for typical transfer func-
tions are very good. To provide a measure of the accuracy of the response, the
results are computed in both single and double precision and compared.

The FORTRAN code for this example is:

----- - - -- -- - -- -- - -- -- - --2- ---I- -- -.-- - -.-- - -,-- - -

C EXAMPLE 7
LC LOAD IN COEFFICIENT DATA INTO ZPTF1

C
POLY.(.)4. "deg. of num."

- POLYN2)= -.96474786E-4 "coeff. of z 2 7"
POLYN =--3.87975526E-4 "coeff. of z l

POLYNC4) -.49221356E-5 "coeff. of z2"
POLYN=5)4.07871707E-4 "coeff. of z3"
POLYN-6)=Z.01448831E-4 "coeff. of z'4"

44
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POLYD1)-4. -dog. of denom.
POLYD(2)-.243334776 'coeff. of zKNOw

POLYD(3)=-1.58617798 'coeff. of zxxlw

POLYD(4)=3.43416283 'coeff. of zNX2-
POLYD(S):-3.09127983 'coeff. of z1x* 3w

POLYD(6)=I. 'coeff. of zNN4w

CALL ZPLDC(1) "load transfer function into ZPTF11-
C
C ENTER TIME RESPONSE PARAMETERS FOR USE WITH ZTIME
C

TSTEP=I '.NE.0 (preset=l) for step response,
_ .EQ.0 for impulse response"

TMAGN:1 'magnitude of the input"
TEND=2.0 'end time for evaluating the response'
SAMPTz.04 "sampling period"
CALL HEADINS(l,

-50HEXAMPLE 7 INVERSE Z TRANSFROM AND TIME RESPONSE
CALL "EADINI(6,IOH )
CALL ZTIME(l) 'compute inverse z transform of ZPTFlw

-C .. . . .

:.::; ., ..
. The printer output for this example is,

DEGREE OF POLYN IS 1 (COEFFICIENTS IN ASCENDING ORDER)
-.000196474786 -.000387975526 .0000149221356 .000407871707
.000201448831

, -:'.,:

DEGREE OF POLYD IS 4 (COEFFICIENTS IN ASCENDING ORDER)
.243334776 -1.58617798 3.43416283 -3.09127983 1.

N ZPLDC -LOAD TRANSFER FUNCTION IN COEFFICIENT FORM

DEGREE OF NUMERATOR OF ZPTF1 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
-.000196474786 -.000387975526 .0000149221356 .000407871707
.000201448831

DEGREE OF DENOMINATOR OF ZPTF1 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
.243334776 -1.58617798 3.43416283 -3.09127983 1.

CP= 5.71

DEGREE OF NUMERATOR OF ZPTF1 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
-.000196474786 -.000387975526 .0000149221356 .000407871707
.000201448831

45
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DEGREE OF DENOMINATOR OF ZPTF1 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
.243334776 -1.58617798 3.43416283 -3.09127983 1.

*- N ZTIME - TIME RESPONSE OF Z-PLANE TRANSFER .

" FUNCTION 1

COMPUTE STEP RESPONSE IF TSTEP.NE.O., (TSTEP 1.0 )
OTHERNISE COMPUTE IMPULSE RESPONSE.

SCALE OUTPUT BY TMAGN, (THAGH = 1.00000 )

FINAL VALUE = .999909

N.N TIME RESPONSE NM,

TIME VALUE TIME VALUE TIME VALUE

0. .20135E-03 .68000 .13117 1.3600 .25310
40000E-01 .12321E-02 .72000 .14013 1.4000 .25856
.80000E-01 .37411E-02 .76000 .14886 1.4400 .26388
.12000 .78894E-02 .80000 .15736 1.4800 .26907
.16000 .13486E-01 .84000 .16562 1.5200 .27413 . -

.20000 .20269E-01 .88000 .17364 1.5600 .27907

.24000 .27989E-01 .92000 .18142 1.6000 .28391

.28000 .36424E-01 .96000 .18897 1.6400 .28864

.32000 .45388E-01 1.0000 .19629 1.6800 .22927

.36000 .54723E-01 1.0400 .20339 1.7200 .29781

.40000 .64299E-01 1.0800 .21027 1.7600 .30227

.44000 .74009E-01 1.1200 .21695 1.8000 .30664

.48000 .83764E-01 1.1600 .22342 1.8400 .31093

.52000 .93493E-01 1.2000 .22970 1.8800 .31516

.56000 .10314 1.2400 .23581 1.9200 .31931

.60000 .11266 1.2800 .24173 1.9600 .32340
'.. .64000 .12201 1.3200 .24750 2.0000 .32743

AT THE LAST TIME POINT THE SINGLE PRECISION VALUE DIFFERS FROM THE
DOUBLE PRECISION VALUE BY .16E-08 PERCENT.

,°.
Its
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1 TIME RESPONSE 10/31/83 ,0
EXAMPLE 7 INVERSE Z TRANSFORM AND TIME RESPONSE

.370 I

.360 I

.350 I

.340 1

.330 I *'O

.320 I 3-" "
.% .310 I 36.3.

.300 I . .

.290 I 636

.280 I 

.270 I 6..

_-a'~ .260 I 3
,....250 1

.240 I "

.230 I

.220 I 3636

.210 I 

.200 I163

.190 I 3

.180 I

.170 I

.160 I

.150 I IM-

.140 I -

.130 I -

.120 I 6

.110 I 36

.100E+00 I 3-

.900E-01 I

.800E-01 I

.700E-01 I .

.600E-01 I x

.500E-01 I xl

.400E-01 I --

.300E-01 I .

.200E-01 I
4-, -. lOOE-Ol I

0. ME-----------------------------------------------------------------------
-. lODE-Ol I
-. 200E-Ol I
-. 300E-01 I
-. ,00E-O1 I

;,!- . SOGE-Ol I :'.;
I I I I I I I I I I I""

0.00 .20 .40 .60 .80 1.00 1.20 1.40 1.60 1.80 2.00 .-

FILM PLOT COMPLETED
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EXAMPLE 8 Z TRANSFORM OF AN S-PLANE TRANSFER FUNCTION

.. Problem: Compute the z transform of the following transfer function with a zero

order hold and a delay of .008 seconds. The sampling period is .08 sec-

onds.

2900s + 2900

5 43 2
s + 4s + 124s + 363s

The partial fraction expansion method is used to compute the z transform. The

algorithm used to compute the partial fraction expansion requires that (1) there

S.are no multiple poles other than those at the origin and (2) the degree of the

,. . numerator must not be greater than the number of non-zero poles of the denomina-

* .. tor. Up to 5 poles at the origin are allowed (this includes the one from the zero
order hold if applicable).

The FORTRAN code for this example is:

C EXAMPLE 8

C LOAD COEFFICIENT DATA INTO SPTF12

C
POLYN(1)=1. "deg. of num."

POLYN(2)=2900. "coeff. of s*O"

POLYN(3)=2900. "coeff. of s**l"
POLYD(1)=5. "deg. of denom."

POLYD(2)=O. "coeff. of s*XO"
POLYD(3)=O. "coeff. of s~ml"

POLYD(4)=363. "coeff. of s**2"

POLYD(5)=124. ncoeff. of s**3"
POLYD(6)=4. "coeff. of s*4"

POLYD(7)=. "coeff. of s*X5n

CALL SPLDC(12) "load G(s) data into SPTF12"
C ..
C ENTER PARAMETERS FOR USE WITH SZXFM

C
SAMPT= .08 "sampling period"

DELAY= .008 "time delay (preset=O),
(enter a negative value for time advance)"

ZOH=I ".NE.O (preset=l) for inclusion of zero order hold"

CALL SZXFM(2,12) "compute z transform of SPTF12 and store

into ZPTF2"

The printer output for this example is: 0

"8
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CP: 5.76.' .',

--5 .. DEGREE OF POLYN IS 1 (COEFFICIENTS IN ASCENDING ORDER)

2900. 2900.

DEGREE OF POLYD IS 4 (COEFFICIENTS IN ASCENDING ORDER)

0. 0. 363. 124. 4. 1.

K SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM K

DEGREE OF NUMERATOR OF SPTF12 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

2900. 2900.

DEGREE OF DENOMINATOR OF SPTF12 IS 4 (COEFFICIENTS IN ASCENDING ORDER)

0. 0. 363. 124. 4. 1.

BODE GAIN = 7.9889807

CP=  5.78

THE NUMERATOR ROOTS OF SROOT12 ARE

NO. REAL IMAG. OMEGA ZETA

1 -1.0000000 0.

LOW ORDER NON ZERO COEFFICIENT 2900.0000

THE DENOMINATOR ROOTS OF SROOT12 ARE

NO. REAL IMAG. OMEGA ZETA

1 -.50000000 -10.988630 11.0000000 .45454545E-01

2 -.50000000 10.988630 11.0000000 .45454545E-01

3 -3.0000000 0.
4 0. 0. .-.
5 0. 0.

LOW ORDER NON ZERO COEFFICIENT = 363.00000

DEGREE OF NUMERATOR OF SPTF12 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

2900. 2900.
DEGREE OF DENOMINATOR OF SPTF12 IS 5 (COEFFICIENTS IN ASCENDING ORDER)

0. 0. 363. 124. 4. 1.

BODE GAIN : 7.9889807

49



KZROOT2 = SZXFM OF SROOT12

K ZPTF2 = SZXFM OF SPTF12

SAMPLING PERIOD, SAMPT = .0800 DELAY = .0080 ZON 1

NO. ROOT PARTIAL FRACTION EXPANSION COEFFICIENT ~ .s

1 -.50000000 -10.988630 .96684606E-01 - .40456452E-02
2 -.50000000 10.988630 -.96684606E-01 .40456452E-02
3 -3.0000000 0. 1.6914552 0.

4 .- 1.8848244 0.
5 0. 0. 5.2599625 0.
6 0. 0. 7.9889807 0.

THE NUMERATOR ROOTS OF ZROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -12.268933 0.
2 -.67135130E-04 0.
3 .92311634 0.
4 -.13469859 0.$45 -1.1567519 0.

LOW ORDER NON ZERO COEFFICIENT = - .23106199E-04

THE DENOMINATOR ROOTS OF ZROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 .61284138 -.73996066 .96078944 -.63785191
2 .61284138 .73996006 .96078944 -.63785191
3 .78662786 0.

.. 4 1.00000000 0.

5 1.0 0 0uu 0...
6 0. 0.

LOW ORDER NON ZERO COEFFICIENT -46.473538

DEGREE OF NUMERATOR OF ZPTF2 IS 5 (COEFFICIENTS IN ASCENDING ORDER)
.00002310618894132 -.3443427037346 -2.507846683653 .6794170629569

2.464719122914 .1950347342772

50
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DEGREE OF DENOMINATOR OF ZPTFZ IS 6 (COEFFICIENTS IN ASCENDING ORDER)
* 0. -46.~i7353837271 213.7325205421 -'.16.8323061287 '~'.2.36120'.1218 - - -

-256.7878601625 6'..

CP 5.84 . . -

.1

0

'S
... .1~
-5.4

5/

5/

S . 'S~

* .~.

~5*5~~55~S

S.

d4~

v.i~

U.
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EXAMPLE 9 MULTIRATE FREQUENCY RESPONSE BY FREQUENCY DECOMPOSITION

Problems Compute the frequency response of the following function

-'.

--- \ T/n j23pi3k/n ,

n / G (ze )
/ n

k~l T/n

where T=.24 seconds, n=3 and G (z) is the z-transform computed in

n
Example 9.

The above function is Sklanskys frequency decomposition method for expressing '.-a

. . the output transform of a fast to slow sampler in terms of the faster input

transfer function. An example of how this frequency decomposition method can be
applied to the stability analysis of a multiloop multirate control system is
given in Example 2 of Ref. 4. The above function can represent the open loop
transfer function of Eq (6.6) in Ref. 4. -,

The operator ZMRFQ evaluates the frequency response of the above function by
T/n

using only the transform of the faster sampled signal G (z). The response is
n

computed by the indicated summation with shifted values of z . This operation -"-

T/n n
yields only the multirate frequency response of G (z ). No z-transform at

n
the slower sampling rate is computed. In the next example though, an explicit
form for the implementing the frequency decomposition method is described. "-"

Since one-half of the sampling frequency of the slower output sampler is 13.09 ve.
rad/sec, the frequency range to be used for this example will be 1.0 to 13.0
rad/sec.

The FORTRAN code for this example is:

C EXAMPLE 9
C TRANSFER FUNCTION IS ZPTF2 FROM PREVIOUS CASE
C
C ENTER FREQUENCY RESPONSE PARAMETERS FOR ZMRFQ
C

NOMEG=2 "number of values of OMEGA to be entered"
OMEGA(I)=1. "OMEGA(1)=first frequency value to be used"'
OMEGA(2)=13. "OMEGA(NOMEG)=last frequency value to be used.

4 SAMPT=.24 "sampling period of slower output sampler" O

52
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CALL REMARKS(
+50HZPTF2 IS AT THE FASTER SAMPLING RATE, SAMPT=.08 )

* C INTEGER RATIO OF OUTPUT/INPUT SAMPLING PERIODS IS ENTERED AS THE
* C SECOND ARGUMENT OF ZMRFQ(IM)
* C

CALL REMARKS(
+50HFREQ. RESP. WILL BE AT THE SLOWER SAMPLING RATE, ) !0
CALL REMARK2(2OHSAMPT=.08 )
CALL HEADINS(I,

+5OHEXAMPLE 9 MULTIRATE FREQUENCY RESPONSE BY FREQUENC)
CALL HEADIN2(6,2OHY DECOMPOSITION )
CALL ZMRFQ(2,3) "compute multirate frequency response of ZPTF2"

C
C~~~ .% .o

The printer output for this example is,

ZPTF2 IS AT THE FASTER SAMPLING RATE, SAMPT=.08

FREQ. RESP. HILL BE AT THE SLOWER SAMPLING RATE,

SAMPT".08

THE NUMERATOR ROOTS OF ZROOT2 ARE "

NO. REAL IMAG. OMEGA ZETA , .'."

1 -12.268933 0.
2 -.67135130E-04 0. ,
3 .92311634 0.
4 -. 13469859 0.
5 -1.1567519 0.

LOW ORDER NON ZERO COEFFICIENT = -.23106189E-04

THE DENOMINATOR ROOTS OF ZROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 .61284138 -.73996066 .96078944 -.63785191
2 .61284138 .73996006 .96078944 -.63785191
3 .78662786 0.
4 1.00000000 0.
5 1.00000000 0.
6 0. 0.

LOW ORDER NON ZERO COEFFICIENT = -46.473538
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DEGREE OF NUMERATOR OF ZPTF2 IS 5 (COEFFICIENTS IN ASCENDING ORDER)
-.00002310618894132 -.3443427037346 -2.507846683653 .6794170629569
2.464719122914 .1950347342772

DEGREE OF DENOMINATOR OF ZPTF2 IS 6 (COEFFICIENTS IN ASCENDING ORDER)
0. -46.47353837271 213.7325205421 -416.8323061287 442.3612041218
-256.7878801625 64.-.

. ZMRFQ - MULTIRATE FREQUENCY RESPONSE (BY
FREQUENCY DECOMPOSITION) OF ZPTF2

SAMPLING PERIOD (SMPT) = .2400

INTEGER RATIO OF OUTPUT/INPUT SAMPLING PERIODS, MTGER = 3

AUTOMATIC FREQUENCY MODE IF FAUTO.NE.0, FAUTO = 1.000

NOMEG = 2.000 OMEGA = 1.000 , 13.00

OMEGA ZREAL ZIMAG REAL IMAGINARY DB PHASE PHASE
RAD/SEC MARGIN
1.000 .997 .080 -.331E+01 -.143E+01 11.125 -156.66 23.34
1.200 .995 .096 -.247E+01 -.113E+01 8.664 -155.48 24.52

.. 1.400 .994 .112 -.195E+01 -.906E+00 6.648 -155.08 24.92
1.700 .991 .136 -.147E+01 -.670E+00 4.171 -155.51 24.49
2.000 .987 .159 -.117E+01 -.504E+00 2.125 -156.75 23.25
2.369 .982 .188 -.933E+00 -.360E+00 -.000 -158.91 21.09
2.869 .974 .220 -.722E+00 -.230E+00 -2.411 -162.36 17.64
3.469 .962 .274 -.560E+00 -.132E+00 -4.805 -166.75 13.25
4.269 .942 .335 -.423E+00 -.556E-01 -7.377 -172.53 7.47
5.069 .919 .394 -.339E+00 -.112E-01 -9.387 -178.11 1.89
5.346 .910 .415 -.317E+00 .458E-07 -9.966 -180.00 -.00
6.946 .850 .528 -.241E+00 .467E-01 -12.206 -190.98 -10.98
8.546 .775 .632 -.225E+00 .989E-01 -12.202 -203.76 -23.76
9.546 .722 .692 -.250E+00 .181E+00 -10.213 -215.89 -35.39
10.05 .694 .720 -.270E+00 .286E+00 -8.096 -226.62 -46.62
10.35 .677 .736 -.262E+00 .409E+00 -6.287 -237.50 -57.50
10.55 .655 .747 -.208E+00 .530E+O0 -4.893 -248.60 -68.60
10.70 .656 .755 -.110E+00 .630E+00 -3.887 -260.08 -80.08
10.82 .648 .762 .250E-01 .688E+00 -3.247 -272.08 -92.08 140

10.92 .642 .767 .160E+00 .690E+00 -2.994 -283.03 -103.03
11.02 .636 .772 .292E+00 .640E+00 -3.054 -294.53 -114.53
11.12 .630 .777 .393E+00 .546E+00 -3.442 ,-305.70 -125.70
11.22 .623 .782 .447E+00 .435E+O0 -4.097 -315.81 -135.81 .' '. '
11.37 .614 .789 .458E+00 .283E+00 -5.376 -328.22 -148.22
11.57 .601 .799 .409E+00 .150E+00 -7.222 -339.91 -159.91
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11.82 .585 .811 .335E+00 .654E-01 -9.326 -348.97 -168.97
12.12 .566 .825 .270E+00 .236E-01 -11.343 -355.00 -175.00
12.62 .532 .847 .212E00 9-02 -13.460 -359.09 -179.09
13.00 .506 .862 .198E+00 .333E-03 -14.077 -359.90 -179.90
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NICHOLS PLOT (MAGN. VS PHASE) 10/31/83
EXAMPLE 9 MULTIRATE FREQUENCY RESPONSE BY FREQUENCY DECOMPOSITON" *. .-- .

-'',U.U o • .-.

19.0I
18.0 I

17.0 I
16.0 I

15.0 I

13.012.0 I

11.0 N I
10.0 N I
9.00 I

A' 8.00
7.00

6.00 I
4. 5.00 I

4.00 I
3.00 I

O2.00 I
1.00 I .

* 0.-----------------------------------N------- ------------------------- I
-1.00 N I

-2.00 . I
-3.00 NNNN)N N I
-4.00 NNN NM N I
-5.00 I
-6.00NNNMI
-7.00 NM N N I
-8.00N NI

-9.00NN NI

-11.0 N N I'

-12.0 N NNNNN I
'S -13.0 N N I

-14.0 NI

-15.0 N I

-16.0 I
-17.0 I

-18.0I
-19.0 I

-20.0 I
-21.0 1
-22.0 1

•3I:00 I I I I I I I I I I
-360.000 -288.000 -216.000 -144.000 -72.000 0.000

-".5 FILM PLOT COMPLETED -"4
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The z-plane frequencies in the tabulation of the response are at the faster sam-
pling rate. Note that at 13.0 rad/sec the z-plane frequency is (.506 + j.852) or
approximtely 60 degrees on the unit circle. At the slower sampling rate this

* point would be at approximately the (-I. + j0.) point, which is 3 times 60
* degrees on the unit circle.
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EXAMPLE 10 RATIONAL REPRESENTATION OF FREQUENCY DECOMPOSITION METHOD

• o...

Problems Compute the frequency response of the function -..

nl

- \ T/n j2Xpik/n
n / G (ze )

/ n
k=l .-.. ,, .

using the explicit form of Sklansky's frequency decomposition method
T/n

where T=.24 seconds, n=3 and G (z ) is the z-transform computed in

n
Example 9.

In Example 9 the frequency response was computed using the operator ZMRFQ
which numerically evaluated the function over a range of frequencies for z

Until recently, this was the only means in LCAP2 of applying the frequency

decomposition method. A new operator, ZMRXFM, has been implemented which will

yield a rational representation of this frequency decomposition method. This

operator computes the output transform of a fast to slow sampler. This output
transform is a transfer function represented in rational form at the slower sam-
pling rate. After this transfer function has been computed, the single rate
z-plane frequency response operator, ZFREQ, can be used to evaluate the
response.

, .. .::..:

The numerical technique for computing the rational form of the frequency decom-

position method will be documented in the near future.

-- '. The FORTRAN code for this example is:

C EXAMPLE 10

C 0(Z) IS ZPTF2 FROM THE PREVIOUS EXAMPLE
C
C ENTER PARAMETERS FOR ZMRXFM

C
SAMPT=.24 "Sampling period of slower output sampler"
NTGER=3 "integer ratio of output/input sampling periodsw

CALL REMARKS(
+5OZPTF2 IS AT THE FASTER SAMPLING RATE, SAMPT=.08 -

CALL REMARKS(
+50HZPTF3 WILL BE AT THE SLOWER SAMPLING RATE, )

CALL REMARK2(20HSAMPT=.2, )

*.... ::...
"-'I. * *'*,-Z.:...--' Z. :.' 'Y .' , .. '
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CALL ZMRXFM(3,2) "compute multirate transform of ZPTF2 and store

in ZPTFS"
C
C ZPTF3 IS AT THE SLOWER SAMPLING RATE
C
C ENTER FREQUENCY RESPONSE PARAMETERS FOR USE WITH ZFREQ
C

NOMEG=2 "number of values of OMEGA to be entered"
OMEGA(I)=1. ROMEGA(1)=first frequency value to be used"
OMEGA(2)=13. "OMEGA(NOMEG)=last frequency value to be used"
CALL HEADIN5(1, .
+50HEXAMPLE 10 RATIONAL REPRESENTATION OF FREQUENCY DE)
CALL HEADIN2(6,2OHCOMPOSITION METHOD )
CALL ZFREQ(3) "compute frequency response of ZPTF3"

The printer output for this example is:

ZPTF2 IS AT THE FASTER SAMPLING RATE, SAMPT=.08

ZPTF3 WILL BE AT THE SLOWER SAMPLING RATE,

SAMPT=.24

THE NUMERATOR ROOTS OF ZROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -12.265933 0.
2 -.67135130E-04 0.
3 .92311634 0.
4 -.13469859 0.
5 -1.1567519 0.

LOW ORDER NON ZERO COEFFICIENT = - .23106189E-04 "%.'

* THE DENOMINATOR ROOTS OF ZROOT2'ARE 17'

NO. REAL IMAG. OMEGA ZETA

1 .61284138 -.73996066 .96078944 -.63785191
2 .61284138 .73996006 .96078944 -.63785191
3 .78662786 0.
4 1.00000000 0.
5 1.00000000 0.
6 0. 0.

LOW ORDER NON ZERO COEFFICIENT = -46.473538
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DEGREE OF NUMERATOR OF ZPTF2 IS 5 (COEFFICIENTS IN ASCENDING ORDER)
-.00002310618894132 -.3443427037346 -2.507846683653 .6794170629569
2.464719122914 .1950347342772

DEGREE OF DENOMINATOR OF ZPTF2 IS 6 (COEFFICIENTS IN ASCENDING ORDER)
0. -46.47353837271 213.7325205421 -416.8323061287 442.3612041218
-256.7878801625 64.

.- ZROOT3 ZMRXFM OF ZROOT2

ZPTF3 =PSYNTH(ZROOT3 )

THE NUMERATOR ROOTS OF ZROOT3 ARE

v NO. REAL IMAG. OMEGA ZETA -.

1 -.10647750E-01 0.
2 -.59161620 0.

' . 3 .78658382 0. ,"'

4 -2.9655282 0. l

376532 LO ORDER NON ZERO COEFFICIENT = -.18162533

THE DENOMINATOR ROOTS OF ZROOT3 ARE

NO. REAL IMAG. OMEGA ZETA

1 -.77650116 -.42857182 .88692044 .87550262

2 -.77650116 .42857182 .88692044 .87550262
3 .48675226 0.

4 1.00000000 0.
5 1.00000000 0. _

1.000 0 LO ORDER NON ZERO COEFFICIENT = -24.505145

DEGREE OF NUMERATOR OF ZPTF3 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
-.1816253320627 -17.19496629374 -12.53387821671 34.37676332934

12.3603697263

-'*4
DEGREE OF DENOMINATOR OF ZPTF3 IS 5 (COEFFICIENTS IN ASCENDING ORDER)

-24.5051447024 50.97511989617 39.80519865903 -70.51517819695 .",

-59.75999565584 64.

CP 5.98

%, 60
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N ZFREQ - FREQUENCY RESPONSE OF Z-PLANE TRANSFER .
-NE- FUNCTION 3

SAMPLING PERIOD (SAMPT) = .2400

AUTOMATIC FREQUENCY MODE IF FAUTO.NE.0, FAUTO = 1.000

NOMEG z 2.000 OMEGA = 1.000 , 13.00

OMEGA ZREAL ZIMAG REAL IMAGINARY DB PHASE PHASE
RAD/SEC MARGIN
1.000 .971 .238 -.331E+01 -.143E+01 11.125 -156.66 23.34
1.200 .959 .284 -.247E+01 -.113E+01 8.664 -155.4& 24.52
1.400 .94' .330 -.195E+01 -.906E+00 6.648 -155.08 24.92
1.700 .918 .397 -.147E+01 -.670E+00 4.171 -155.51 24.49
2.000 .887 .462 -.117E+01 -.504E+00 2.125 -156.75 23.25
2.369 .843 .538 -.933E+00 -.360E+00 -.000 -158.91 21.09
2.869 .772 .635 -.722E+00 -.230E+00 -2.411 -162.36 17.64
3.469 .673 .740 -.560E+00 -.132E+00 -4.805 -166.75 13.25
4.269 .519 .854 -.423E+00 -.556E-01 -7.377 -172.53 7.47
5.069 .347 .938 -.339E+00 -.112E-01 -9.387 -178.11 1.89
5.346 .284 .959 -.317E+00 .458E-07 -9.966 -180.00 -.00
6.946 -.096 .995 -.241E+00 .467E-01 -12.206 -190.98 -10.98

4856 -.462 .887 -.225E+00 .989E-01 -12.202 -203.76 -23.76
9.546 -.660 .752 -.250E+00 .181E+00 -10.213 -215.89 -35.39
10.05 -.745 .667 -.270E+00 .286E+00 -8.096 -226.62 -46.62 -""
10.35 -.791 .612 -.262E+00 .409E+00 -6.287 -237.50 -57.50
10.55 -.819 .573 -.208E+00 .530E+00 -4.893 -248.60 -68.60
10.70 -.839 .544 -.11OE+00 .630E+00 -3.887 -260.08 -80.08
10.82 -.855 .518 .250E-01 .688E+00 -3.247 -272.08 -92.08
10.92 -.868 .497 .160E+00 .690E+00 -2.994 -283.03 -103.03
11.02 -.879 .476 .292E+00 .64OE+00 -3.054 -294.53 -114.53
11.12 -.890 .455 .393E+00 .546E+00 -3.442 -305.70 -125.70
11.22 -.901 .434 .447E+00 .435E+00 -4.097 -315.81 -135.81 --

11.37 -.916 .401 .458E+00 .283E+00 -5.376 -328.22 -148.22
11.57 -.934 .357 .409E+00 .150E+00 -7.222 -339.91 -159.91
11.82 -.954 .300 .335E+00 .654E-01 -9.326 -348.97 -168.97
12.12 -.973 .231 .270E+00 .236E-01 -11.343 -355.00 -175.00
12.62 -.994 .112 .212E+00 .339E-02 -13.460 -359.09 -179.09 m
13.00 -1.000 .022 .198E+00 .333E-03 -14.077 -359.90 -179.90
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Note that the frequency response is identical to the response computed in
Example 9. In the tabulation of the response, the z-plane frequencies are at the0
slower sampling rate.
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EXAMPLE 11 TRANSFER FUNCTION EVALUATION BY CRAMER'S METHOD

Problemt Given

s + 2 -(s + 3)

li(s) = 0"TO

2
0.01 s + .15 s +1

0 X (s)

N fl~s)and X(s)

x (s)
2

find the transfer function x (s)/u(s) by application of Cramer's method.

x(s (s and (s) ""-",
1 . - - o

11

xH() s) "

u(s) det I (s)

where ( (s) is equal to ti(s) with column 1 replaced by A(s).

Three operations are required for this example. The first two compute the deter-
minants and store the results in polynomials and the last one copies the polyno-
mials into an s-plane transfer function.

The FORTRAN code for this example is.

C EXAMPLE 11
C MUST INITIALIZE MATRIX PARAMETERS FOR FIRST TIME USE
C

CALL MINITO
C NOTE - DO NOT CALL MINITO AGAIN
C
C ENTER PARAMETERS FOR DIMENSION AND DEGREE OF MATRIX .'"
C . ,' '

NXM=2 "dimension of matrices"
MDEG=2 "highest degree of polynomial element"

C ENTER MATRIX DATA FOR COEFFICIENTS OF SNO
MO(1,1)=2

64
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MOC1,2)=-3
MOC 2,2) Si

C ENTER MATRIX DATA FOR COEFFICIENTS OF SKK1

M1(1,2)=-l

C ENTER MATRIX DATA FOR COEFFICIENTS OF S**2
M2(2,2)=.01

C ENTER B VECTOR
BOC2)1l.

C COMPUTE DETERMINANT OF THE DENOMINATOR OF H(S)
CALL REMARK5(
+5OHDETERMINANT OF DENOMINATOR WILL BE IN POLY2 AND)
CALL REMARK1(1OHROOT2 )
CALL DTERM(2,O) "compute determinant of M(s)"

C "if 2nd argument is zero, no
C column substitution is made)
C. . . . . . .
C
C COMPUTE DETERMINANT OF THE NUMERATOR OF H(S)

CALL REMARK5C
4+50HDETRMINANT OF NUMERATOR WILL BE IN POLY3 AND )

CALL REMARK1(1OHROOT3
CALL DTERM(3,1) "compute determinant of H (s)"

1
C "2nd argument is column number
C where B(s) is substituted"

C

C COPY POLYNOMIALS INTO S PLANE TRANSFER FUNCTION
C

CALL CPYPS(13,3,2)

The printer output for this example is'
-------------------- ---- --- --- ---- --- --- ---- --- --- ---- --- -)-

DETERMINANT OF DENOMINATOR WILL BE IN POLY2 AND

ROOT2 *

MATRIX MCS) is

01 2 3
*RON COL S SS

1 1 .20000000E+01 .10000000E+01
*1 2 - .30000000E+01 -. 10000000E+01

2 2 .10000000E+01 .15000000E+00 .10000000E-01
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-~~777 77...77.-- -- Cp - - .F_-

3 VECTOR IS

0 12 3
RON S S S S

2 .10000000E+01

N DETRM -FIND DETERMINANT OF MATRIX
* N WITH NO COLUMN REPLACED BY B VECTORN

N ROOT2 =ROOTS OF DETERMINANTN

THE ROOTS OF ROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 7500066472 00000.5000

1 -7.5000000 -6.61437828 10.0000000 .750000000

3 -2.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = 2.0000000

N POLY2 =COEFFICIENTS OF DETERMINANT POLYNOMIAL N

DEGREE OF POLY2 IS 3 (COEFFICIENTS IN ASCENDING ORDER)
2. 1.3 .17 .01

DETERMINANT OF NUMERATOR WILL BE IN POLY3 AND

ROOT3

MATRIX M(S) is

0 1 2 3
RON COL S S S S

1 1 .20000000E+01 .10000000E+01
1 2 -. 30000000E+01 -. 10000000E+01
2 2 .10000000E+01 .15000000E+00 .10000000E-O1
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1 VECTOR IS ',

0 1 2 3
RON S S S S

2 .10000000E+01 '

*444a

N DETRM - FIND DETERMINANT OF MATRIX -
N WITH COLUMN 1 REPLACED BY B VECTOR .

Ne ROOT3 = ROOTS OF DETERMINANT K . .-

THE ROOTS OF ROOT3 ARE

NO. REAL IMAG. OMEGA ZETA

1 -3.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = UO0000

N POLYS = COEFFICIENTS OF DETERMINANT OF POLYNOMIAL N "-4-'
NNNNNNNINNNNNNNNNNNNNNNNN]NNNNNNNN NNNNNNNNNNNXiNNNNi NNN"N'NN

DEGREE OF POLY3 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

3. 1.

THE ROOTS OF ROOTS ARE

NO. REAL IMAG. OMEGA ZETA

1 -3.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = 3.0000000 *4

DEGREE OF POLY3 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

3. 1.

67. .%
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THE ROOTS OF ROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -7.5000000 6.61437828 10.0000000 .750000000
2 -7.5000000 -6.61437828 10.0000000 750000000 ',.

3 -2.0000000 0.

vp LOW ORDER NON ZERO COEFFICIENT 2.0000000

DEGREE OF POLY2 IS 3 (COEFFICIENTS IN ASCENDING ORDER) "

2. 1.3 .17 .01

'mA X SROOT13 ROOT3 / ROOT2 "

SPTF13 = POLY3 / POLY2 X

THE NUMERATOR ROOTS OF SROOT13 ARE

NO. REAL IMAG. OMEGA ZETA

1 -3.0000000 0.

LOW ORDER NON ZERO COEFFICIENT 3.0000000

THE DENOMINATOR ROOTS OF SROOT13 ARE

NO. REAL IMAG. OMEGA ZETA

1 -7.5000000 6.61437828 10.0000000 .750000000
2 -7.5000000 -6.61437828 10.0000000 750000000

3 -2.0000000 0.

LOW ORDER NON ZERO COEFFICIENT = 2.0000000

DEGREE OF NUMERATOR OF SPTF13 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
3. 1.

DEGREE OF DENOMINATOR OF SPTF13 is 3 (COEFFICIENTS IN ASCENDING ORDER)

2. 1.3 .17 .01

BODE GAIN = 1.5000000

CP= 6.12

68 ...
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EXAMPLE 12 STORE DATA FROM BATCH JOB FOR LATER USEo

"C,' Problems Store all polynomial, transfer function, and matrix data so that it can ..-.:

. ~~be used in a subsequent batch or interactive LCAPZ jab• Assume that "...
: '• Examples 1 through 11 were all run on the same batch job.-.-

The LCAP2 STORE operator will store all pertinent data from a current job so -'-''

that on subsequent batch or interactive jobs this data can be restored with the

RESTORE operator. This data is written on TAPE3I. At the completion of the

batch job the user must catalog this file.

To identify the data on TAPE31, the first record will contain 70 characters of

alphanumeric data copied from words HEAD(64) through HEAD(70). The user must .'-r

enter this data before calling STORE. ,.

The FORTRAN code for this example is,

C EXAMPLE 12

C ENTER INFORMATION TO IDENTIFY THE TAPE BEING HRITTEN ON

CALL HEADIN5(64,
+5OHEXAMPLES FOR BATCH LCAP2 USERS MANUAL -

CALL HEADIN2(69,2OHOCTOBER 31,1983 )
C
C THE ABOVE CODE IS THE SAME AS

C HEAD(64)=IOHEXAMPLES F
C HEAD(65)=1OHOR BATCH L

C
C
C HEAD(69)=IOHOCTOBER 31
C HEAD(70)=IOH,1983
C

CALL STORE(l) wif argument is 0 printout will be suppressed"

CALL LEXIT
END

The printer output for this example is1 , ',.

*" Since the batch job represented by Examples 1 through 11 generated nine-
teen different data sets, for brevity only a representative sample of the
output for this example is given here.

69.....
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STORE -STORE POLYNOMIALS, TRANSFER FUNCTIONS,
AND MATRIX DATA FOR A FUTURE JOB

TAPE31 IDENTIFIER IS

EXAMPLES FOR BATCH LCAP2 USERS MANUAL OCTOBER 31,1983

' THE ROOTS OF ROOTI ARE

NO. REAL IMAG. OMEGA ZETA
1 -1.8445105 -.49938380 1.9109168 .96524896
2 -1.8445105 .49938380 1.9109168 .96524896
3 -9.3109790 0.

%e%

%DEGREE OF POLYl IS 3 (COEFFICIENTS IN ASCENDING ORDER)
34. 38. 13. 1.

THE ROOTS OF ROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1* -7500066473J0000 7000

1 -7.5000000 -6.6143783 10.000000 .75000000

3 -2.0000000 0.

DEGREE OF POLY2 IS 3 (COEFFICIENTS IN ASCENDING ORDER)
2. 1.3 .17 .01 *

-. (data for polynomial 3)

(data for s-plane transfer functions 1..5

(data for z-plane transfer functions 1,2,3)

(data for s-plane transfer functions 6,...,13)

*~s~.a MXM 2 ~ .

MDEG 2

.570
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MATRIX H(S) is

;-;,0 2 3 ....

RON COL S S S S.

1 1 .20000000E+O1 .1O000000E+O1
1 2 -.30000000E+01 -.lO000000E+O1
2 2 .1O000000E+01 .15000000E+00 .1O000000E-O1

B VECTOR IS

0 1 2 3
ROW S S S S

2 .10000000E+01

Note that the s-plane transfer functions are not listed continuously from 1
through 13. This is due to the method in which polynomials and transfer func-
tions are stored in the program. All polynomials and transfer functions with
indices 1 through 5 are saved in SCM (small core memory). All polynomials and
transfer functions with indices greater than 5 are saved on disk storage. In
printing out the data stored by the STORE operator, the data which is saved in
SCM is printed out before the data which is saved on disk storage.

After execution of Batch LCAP2 has been completed, the job will proceed

according to the operations specified in the control card input file in Section
5.0. First, file TAPE31 will be cataloged. For this example the file name used .-

is 8LCAP2BATCHDATA with ID=9487. This file will be used by Example 13. Then, the ,

hardcopy plots will be processed by the program HARDCPY.

,,... '
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EXAMPLE 13 RESTORE DATA FROM A PREVIOUS BATCH LCAP2 SESSION

Problem Restore data stored in Example 12

In Example 12, the STORE operator was used to save data on file TAPE31. Upon com-
pletion of the batch job this file was stored as file 8LCAP2BATCHDATA, ID=9487.

To restore this data for a new batch job this file must first be attached as file

TAPE30 before LCAP2 is executed.

The job structure for this example is:

(control cards for accounting)

FILE,TAPE30,BT=I.
I1 ATTACH(TAPE30,8LCAP2BATCHDATA,ID=9487,ST=PF6)

ATTACH(X,8LCAP2CC,ID=9487)
BEGIN, LCAP2CC,X.
NEOR
MIDENT idname
*DECK MAIN
*CALL LCAP2

C
CALL INITO

-ACALL MINITO

(user's FORTRAN code)

CALL LEXIT
END

The user's FORTRAN code for this example is:

- - - - - ------

C RESTORE DATA STORED IN EXAMPLE 12
C
C CALL RESTORE(I) "if argument is 0 printout will be suppressed"
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The printer output for this example is I

K- RESTORE - RESTORE POLYNOMIALS, TRANSFER FUNCTIONS, -
,,- AND MATRIX DATA FROM A PREVIOUS JOB .

, TAPE30 IDENTIFIER IS

EXAMPLES FOR BATCH LCAP2 USERS MANUAL OCTOBER 31,1983

THE ROOTS OF ROOTI ARE

NO. REAL IMAG. OMEGA ZETA
1 -1.8445105 -.49938380 1.9109168 .96524896

2 -1.8445105 .49938380 1.9109168 .96524896
3 -9.3109790 0.

DEGREE OF POLYI IS 3 (COEFFICIENTS IN ASCENDING ORDER)
34. 38. 13. 1.

THE ROOTS OF ROOT2 ARE

NO. REAL IMAG. OMEGA ZETA

1 -7.5000000 6.6143783 10.000000 .75000000
2 -7.5000000 -6.6143783 10.000000 .75000000
3 -2.0000000 0.

DEGREE OF POLY2 IS 3 (COEFFICIENTS IN ASCENDING ORDER) 4P

2. 1.3 .17 .01

(data for polynomial 3)

(data for s-plane transfer functions 1,...,5)

( f p t.

(data for z-plane transfer functions 1,2,3)

(data for s-plane transfer functions 6,...,.13) '

l Since the batch job represented by Examples 1 through 11 generated nineteen
different data sets, for brevity only a representative sample of the output
for this example is given here.

3 - ..



MXM 2 

2
~~M D E G = 2 - .'

MATRIX M(S) is

0 12 3'- .... '..

RON COL S S S S

1 1 .20000000E+01 .10000000E+01
-.30000000E+01 -.1O000000E+01

2 2 .iOOOOOOOE+O1 .15000000E+00 .lO000000E-01

B VECTOR IS

0 1 23
ROW S S S S ..

2 .1000OOE+01

9.0 MORE EXAMPLES.. ',C ..' .,

In Section 8 examples were presented for some commonly used LCAP2

lb? operators. The FORTRAN code and the printer output for each example were pre-
sented. In this section more examples covering advanced operations will be pre-
sented. However, no printer output will be included.

Two examples are included. The first one describe the use of Cramer's meth-

od for transfer function evaluation. The second one describes the use of a

user-supplied function to compute the s-plane frequency response of a
non-rational function. This technique can also be utilized for rational func-
tions which exceed LCAP2's restriction that transfer functions be less than

degree 50. The frequency response of two transfer functions, each whose degree
is less that 50, but whose sum is greater than 50, can be computed in a similar
manner as that described in Example 15.

%'~74
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EXAMPLE 14 MATRIX REPRESENTATION OF AN S-PLANE SYSTEM

Problems Compute the closed loop transfer function y/u and the open loop trans-

fer function v/u of the following system using Cramer's method.

y -

u+ A J D s+ E

- 2 2s+ s+S + B s + C s + F s

v +KI -"

s + G 0--

K2 """

For stability analysis the loop is to be broken after the summation of the
two feedback loops. Defind a flag KFLG, whose value is to be 0 or 1, which will
be used to open or close this feedback loop. Redraw the above figure with his
flag and with state variables xl, through x6 to obtain

I 75
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X1 x2 x3, y

III I -..I-

U + A [J s+ E

-2 2+-'

s + B s +Cs+Fs

.+ x 1 1 j 1

s +]

The state equations are,

2

Cs + B s + C) (xl) =(A) Cu -(KFLG) (x6))

2

Cs + F s (.x2) D s + E) CxV

..?. .. ,K LG.,

(s) Wx) x2

(s + 0) (x4) =K (Ki x2)

(s + H) (x5) =(K(2) (x3)

.. x6) = x4 + x5

. The matrix farm of these equations are

0 where 11(s) is given as,

s 2 + B s + C 0 0 0 0 KFLG
-Ds -E S 2 + Fs a 0 0 0

,)0 -1 0 0 0
4S 0 -(1 0 s+G 0 0

0 0 -K2 0 s+H 0
0 0 0 -1 -1 1

76 a.'
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and Jf(s) is given by -

I(s) =(A,0,0,0,0,0) 
. ,

The closed loop transfer function y/u is given by

y(s) x (s) dot i (s)
3 3

u(s) u(s) det M(s) ..-

where 1t Cs) is equal to 1l(s) with column 1 replaced by PCs) and the value
3

of KFLG = 1.

The open loop transfer function v/u is given by -.

v(s) x (s) det M (s)

6 6

u(s) u(s) det l(s) ."

where Y (s) is equal to M(s) with column 6 replaced by P(s) and the value
6

of KFLO = 0.

To use LCAP2 to evaluate the above transfer functions, the polynomial
matrix 11(s) is represented by the input matrices MO, HI, MZ, fl, and M4 as

4 3 2 1
l(s) = i s + ! s + f2 s + H1 s M2

The Mi, i=l,.., 4 input matrices should not be confused with the ri(s) matrix
4i

used in computing the numeretor of a transfer function.

.. :
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The FORTRAN code for this example iss

REAL K1,K2,KFLG
C
C MUST INITIALIZE MATRIX PARAMETERS FOR FIRST TIME USE

CALINT
CALL INITO

C NOTE - DO NOT CALL MINITO AGAIN
V C

C ENTER PARAMETERS FOR ORDER AND DEGREE OF MATRIX
C

MXM=6 "degree of matrix"
MDEG=2 "highest degree of poly. element"

C
C ENTER DATA

A= ..
B=..

C = ....

Kl=..
K2=..

C ENTER DATA FOR CLOSED LOOP CASE FIRST
MO(l,l):C

MO(1,6)=KFLG=l. "set KFLG for closed loop"

M0C5,2)=-Kl <

MO(4,4)=G

M0C6,5)=-l
M0C6,6)=l

* Ml~l,l)=B
MlC2,1)=-D
Ml(2,2)=F
Ml(3,3)=l
Ml(4,.)=l
M1C5,5)=l
M2C1,1)l

S M2(2,2)=l
B0(l)=A

C COMPUTE DENOMINATOR OF CLOSED LOOP
C

CALL DTERM(1,0) "denom. dot. of closed loop"
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C COMPUTE NUMERATOR OF CLOSED LOOP

C
CALL DTERM(2,3) "num. det. of closed loop"

C..-

C COPY NUM. AND DENOM. INTO CLOSED LOOP TRANSFER FUNCTION
C

CALL CPYPS(l,2,l) "SPTF1 is the closed loop t.f."
~ C

C CHANGE ELEMENTS FOR OPEN LOOP CONFIGURATION
C

MO(1,6)=KFLG=O "set KFLG for open loop"

C COMPUTE DENOMINATOR OF OPEN LOOP
*C ' t

CALL DETRM(3,O) "denom. det. for open loop"
C
C COMPUTE NUMERATOR OF OPEN LOOP
C

CALL DETRM('4,6) "num. det. for open loop"
C
C COPY NUM. AND DENOM. INTO OPEN LOOP TRANSFER FUNCITON
C

- ~ CALL CPYPS(2,4,3) "SPTF2 is the open loop t.f."
C
C DESIRED TRANSFER FUNCTIONS HAVE BEEN COMPUTED
C

*I .1 %
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EXAMPLE 15 S-PLANE FREQUENCY RESPONSE OF A NON RATIONAL FUNCTION

Problem: Find the s-plane transfer function of the non rational' function ...-

-ds
A(s) + B(s) e where A(s) and B(s) are rational transfer functions

stored in LCAP2 as SPTF1 and SPTF2, respectively.

The s-plane operator SFREQ(i) has a provision to include time delay by cas-
*" cading the response of SPTFi with time delay specified by FDLAY. It is not capa-

ble though, of handling a more general non rational function such as the one for
this example.

The operator FREQS(SFAUXl), which uses a user supplied COMPLEX FUNCTION
SFAUX1, can be used to obtain the desired frequency response. This operator

and function pair has been designed so that the code to be written by the user
can be simple. The user-supplied function will enable the user to (1) compute

-ds
the response of A(s) and B(s) individually, (2) compute the response of e

ds
and (3) combine the results so that A(s) + B(s) e is the function to be

evaluated.

The user UPDATE code for this example is:

* " 3IDENT idname
*INSERT START.1
'DECK MAIN

*CALL LCAP2

EXTERNAL SFAUX1 "must be before first executable

statement"
CALL INITO "initialization of LCAP2 param."

code defining SPTF1
and SPTF2

frequency response parameters,

i.e., FAUTO, NOMEG, OMEGA(1),
* . FBODE, etc. '- '

CALL FREQS(SFAUX1) "SFAUX1 is the user-supplied ... "-.
COMPLEX FUNCTION"

SThis non rational function could represent a distributed parameter system.

.--,.so

%%7
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CALL LEXIT
END

C
C THE FOLLOWING ARE UPDATE CHANGES TO COMPLEX FUNCTION SFAUX1

* C
C COMPLEX FUNCTION SFAUX1 IS IN THE LCAP2 SUBROUTINE LIBRARY.
C USER NEEDS ONLY TO CHANGE STATEMENT 100 TO ADD CODE TO
C DEFINE HIS/HER PARTICULAR PROBLEM.
C
C USER NEED NOT BE CONCERNED WITH PASSING THE ARGUMENTS FOR
C COMPUTING THE FREQUENCY RESPONSE. IT WILL BE DONE AUTO-
C MATICALLY.
ODELETE SFAUX.37 "SFAUX.37 is the card ident for

statement 100"
D= "value of delay d"
DS=-DNU "value of ds"

100 SFAUX1=SFAUX(SPTF1)+SFAUX(SPTF2)NCEXP(CMPLX(O.,DS))

C
C EXPLANATION OF STATEMENT 100-
C SFAUXCSPTF1) IS A COMPLEX VALUE EQUAL TO THE RESPONSE AT
C COMPLEX FREQUENCY U, WHERE U OF COMMON/FRQBLK/ IS THE S ,.
C PLANE OMEGA FREQUENCY BEING VARIED AUTOMATICALLY BY THE
C PROGRAM. CEXP(CMPLX(O.,DS)) IS THE COMPLEX VALUE OF THE
C DELAY. SFAUX1 IS THE RETURNED VALUE OF THE RESPONSE OF
C THE SPECIFIED FUNCTION.
C

So that changes to the user-supplied COMPLEX FUNCTION SFAUX1 can be under-
stood, the code for this routine has been included in the description of SFAUX1
in Appendix C.

The code for COMPLEX FUNCTION SFAUX1 has been set up so that the user can
access the first five s, z and w plane transfer functions without additional
changes to the code. If other transfer functions are to be used, see description
of this routine in Ref. 2.
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APPENDIX A - DESCRIPTION OF LCAP2 OPERATORS -. - '-

LCAP2 operators are FORTRAN subroutines which are written to allow the user -
to "oily Perform control system analysis operations using only a few arguments.
In most cases the arguments will be indices defining polynomials and/or transfer
functions to be operated upon. Descriptions of these operators are presented in "-
alphabetical order. : .O

:" ''

The degree of the polynomials and transfer functions referenced and goner- -'.
ated by these LCAP2 operators must be less then 50.""".

In addition to DhesN operators, the user can utilize other LCAP2 subrou-

tin" and functions which are described in Appendix C. i n lw u

Identification :

nmSUBROUTINE CPYPS LCAP2 Operator, Copy Polynomials Into S Plan Transfer

Function D i n t o o r e e

alpurpo a

Copy poynomiols into an plane transfer functions using LCAP2 indices.
For transfer function evaluation by Cramer s method, this operator is used to

T define a transfer function after two polynomial determinants have been computed "..,.
with the use of the DTERs or DETR operatorse c thesu

CALL CPYPS(I,J,K) ' '"

I anput fIndex of planre ried in e results are to

be stored ....,:
J nput -Index of poly. to be used to define numerator of SPTFi, i=I ..K input Index of poly. to be used to define denominator of SPTFi, i=I

Copies coefficients of polynomials into I transfer function. If the roots

of the polynomials are also defined, these roots are also copied into the trans-,,:-.fFr function.

OI .:'

'5£Mrm.aa PAGE
- US;

Copy ~ ~ ~ ~~~~~~~~~~~I poyoil noa ln rnfr fucioAns sn CP idcs
For tansfe funtion valuaion y Craer's etho, thi operato is use=t
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Identification 0.

SUBROUTINE CPYPN - LCAP2 Operator, Copy Polynomials Into N Plane Transfer

Function

This operator is similar to CPYPS except that it is for use with a w plane

transfer function instead of an s plane transfer function.

Identification

SUBROUTINE CPYPZ - LCAP2 Operator, Copy Polynomials Into Z Plane Transfer "
Function

This operator is similar to CPYPS except that it is for use with a z plane
transfer function instead of an s plane transfer function.

5 6 .% -
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m ~CPYSP :0

Identification

SUBROUTINE CPYSP - LCAP2 Operator, Copy S Plane Transfer Function Into Polynomials

eurposorO

Copy s plane transfer function into polynomials using LCAP2 indices.

CALL CPYSP(I,J,K)

I input - Index of s plane transfer function to be used in copying

9 J input - Index of polynomial equated with the numerator of SPTFi, i=I

9- K input - Index of polynomial equated with the denominator of SPTFi, i=I

Copies coefficients of transfer function into polynomials. If the roots of

the transfer function are available, the roots are also stored in the polynomi-als.

Cease

Identification

SUBROUTINE CPYHP - LCAP2 Operator, Copy W Plane Transfer Function Into Polynomials

This operator is similar to CPYSP except that it is for use with a w plane

transfer function instead of an s plane transfer function.

Identification

SUBROUTINE CPYZP - LCAP2 Operator, Copy Z Plane Transfer Function Into Polynomials

This operator is similar to CPYSP except that it is for use with a z plane

transfer function instead of an s plane transfer function.

.
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Identification

SUBROUTINE DTERM - LCAP2 Operator, Determinant Of Matrix With Polynomial Elements
(New Version)

Purpose "-

Transfer function evaluation by Cramer's method for the system described by

H(s) X(s) : f(s)u

4 3 2 1
where 11(s) =NJ s + In s + H2 s + Nh s + O"

4 3 2 1
11(s) BAs + JUs + 12 s +. Al s+ O"U

NO, H1, 2, 19, MA are square matrices of dimension MXM
O, i1, f, U, MA are vectors of dimension .XM

j(s) = State vector of dimension MXM

u = Scalar input

is given by

x (s) det N (s)

u det H(s)

where i (s) is equal to i1(s) with column j replaced by A(s). .

The operator DTERM will compute the determinant of ( s). Substitution of

A(s) into column j will be done automatically by the program.

The determinant is found by solving for its roots directly and then com-
puting its coefficients.

CALL DTERMCI,J)

I input - Index where polynomial determinant is to be stored
J input - Column where A(s) is to be substituted into lI*II

(J0 interpreted to mean no column substitution)

88 " "
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1. Before DTERN in used, the matrix parameters must first be initialized by .

calling MINITO (only once). '.

2. Matrix parameters are in CONMON/MATRIX1/. They are to be set before MRD0T1
is called. These parameters are defined belows

Parameters Preset Description

MXM I Dimension of matrices and vectors (1-30)
MDEG 0 Highest degree of polynomial element (0-4)
No 0 Matrix for coefficients of sXXO
Ml 0 Matrix for coefficients of sMwl
M2 0 Matrix for coefficients of s*K2
N3 0 Matrix for coefficients of sNX3
N4 0 Matrix for coefficients of s*N4
so 0 Vector for coefficients of s*KO
51 0 Vector for coefficients of sX~l
D 2 0 Vector for coefficients of s**2 :
33 0 Vector for coefficients of s*X3
34 0 Vector for coefficients of sKX4

If 3 is not zero, I~s) is substituted into column j of fl(s). Subroutine
MROOT1 is then called to compute the determinant. Column j of Kt~s) is then
restored to its original value.

The dimension of the matrix must not be greater than 30 x 30. The palynomi-
al elements of the matrix must be of degree 4 or less. The degree of the computed
polynomial determinant must be less than 50.

% %'.
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Identification

SUBROUTINE FREQS - LCAP2 Operator, Frequency Response Using A

User-Supplied Function

Purpos

Compute frequency response of an arbitrary s plane transfer function.

CALL FREQS(FAUX1)

FAUXI input - Name of user supplied subroutine. Must be declared with an
EXTERNAL statement in the calling program.

1. Frequency response parameters are in COMMON/HEADD/. See description of

SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

FEON9

Identification

SUBROUTINE FREQN - LCAP2 Operator, N Plane Frequency Response Using A

User-Supplied Function

P.r.

Compute w plane frequency r iponse of an arbitrary w plane transfer func-
tion.*

CALL FREQN(FAUX1) '1

FAUXI input - Name of user supplied subroutine. Must be declared with an

EXTERNAL statement in the calling program. ".

1. Frequency response parameters are in COMMON/HEADDD/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

90
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* Identification

-~ SUBROUTINE FREQZ -LCAP2 Operator, Z Plane Frequency Response Using A

User-Supplied Function

Purpos

Compute frequency response of an arbitrary z plane transfer function. .

* Mum

CALL FREQZ(FAUX1)

FAUX1 input -Name of user supplied subroutine. Must be declared with an
external statement in the calling program.

I. Frequency response parameters are in COMMON/IIEADDB/. See description of
SFREQ. The user need not be concerned with passing the arguments for com-
puting the frequency response. It is automatically done by LCAP2.

Identification

-~ SUBROUJTINE PADD -LCAP2 Operator, Polynomial Add

Add two polynomials using LCAP2 indices.

CALL PADDCI,JvK)

I input - Index of resultant Polynomial sum
J input - Index of first Polynomial to be added

*K input - Index of second Polynomial to be added

91 a.
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Identification

, -, SUBROUTINE PEQU - LCAP2 Operator, Polynomial Equal

.-- y
Purpose

Equate polynomials using LCAP2 indices.

usage ,---

CALL PEQU(I,J)

I input - Index of resultant polynomial
J input - Index of polynomial to be equated with

Identification

SUBROUTINE PLDC - LCAP2 Operator, Polynomial Load In Coefficient Form

Purpose

Load coefficients into polynomial coefficient array, POLYi.

CALL PLDC(I)

I input - Index where polynomial is to be stored

1. Polynomial coefficients are entered with polynomial array POLY (LCAP2 for-
mat) which are in COMMON/HEADDB/.

2. The calling program must include COMMON/HEADDB/ and the appropriate EQUIV-
ALENCE and DIMENSION statements for POLY.

3. The roots of POLYi will not be automatically computed. If this is desired,
follow this operation with the operator PRTS(I).

t=2
92 .e
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Identification

SUBROUTINE PLDR -LCAP2 Operator, Polynomial Load In Root Form

Pur'o@

Load roots in Polynomial root array, ROOT. After the roots have bean

ILL loaded, the coefficients of the Polynomial are computed and stored in the poly-
nomial coefficient array POLYi.

lirne

CALL PLDRCI)

I input - Index where polynomial is to be stored p

1. Polynomial roots are entered with polynomial root array ROOT (LCAP2 format)
which is in COMMON/HEADDD/.

2. The calling program must include COMMON/HEADDB/ and the appropriate EQUIV-
ALENCE and DIMENSION statements for ROOT.

I9



Identification

SUBROUTINE PNPY -LCAP2 Operator, Polynomial Multiply

Us°o°

• -4-

.1.4 CALL PMPYCI,J,K) L
I input - Index of resultant polynomial product
J input - Index of polynomial multiplicand

4.*1K input - Index of polynomial multiplier

If only the coefficients of the i-th and k-th polynomials are available,

,-.-.

the Ide odiucti coptdb mu ilcation o h ofiins fteroso

t h utand ktwo polynomials arin a ni e s. h prdcti.cmutdbycmbn

ing the roots. The coefficients of the product are then formed from these roots.
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Identification

SUBROUTINE PPRN -LCAP2 Operator, Print Out Polynomial

Purpos

Print out a Polynomial using an LCAP2 index.

CALL PPRNCI

I input -Index of polynomial to be printed out

Roots of the polynomial are printed out only if they are defined (previous-
ly computed or loaded in). Coefficients of the polynomial are printed out in

.2ascending order. V

identification

SUBROUTINE PRTS -LCAP2 Operator, Find Roots Of A Polynomial

Find roots of a polynomial using an LCAP2 index.

CALL PRTS(I)

I input - Index of polynomial

If the roots of POLYi were previously computed or loaded in, the program
wilnot recompute the roots from the coefficients. A message to this effect

will be printed.

95



S-773 7 - V *77- °--

-;pO

Identification

SUBROUTINE PSUB - LCAP2 Operator, Polynomial Subtract

Purpose

Subtract two polynomials using LCAP2 indices.

CALL PSUB(I,J,K)

I input - Index of resultant polynomial difference
J input - Index of first polynomial (minuend)
K input - Index of second polynomial (subtrahend)

"- .' RESTORE .I

Identification

SUBROUTINE RESTORE - Restore Polynomial, Transfer Function And Matrix Data

Purpose

Restore polynomial, transfer function and matrix data from a previous batch

or interactive job for a restart capability in Batch LCAP2.

Usa ce,' "

CALL RESTORE(IPRNFG)

IPRNFG input - =0 for no printout of restored data

&etricliaon

File type for TAPE30 must be declared with 'FILE,TAPE30,BT=I. File TAPE30
must be attached before executing LCAP2.

.:. --..
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Identification

SUBROUTINIE SELCR -LCAP2 Operator, Eliminate Common Roots Of S Plane
Transfer Function

Eliminate common roots from an s plane transfer function using an LCAP2
index.

CALL SELCR(I

I input - Index of s plane transfer function

1. Common root elimination parameters ECREl Cproset=2.E-4) and ECRE2
Cprosetl.E-8) are in CONNON/HEADDD/.

Moth

If a numerator root nrt and a denominator root drt are found such that
ADS(drt/nrt - (l.,O.)).LT.ECREl for nrt.NE.O or ADS~drt).LT.ECRE2 for nrt.EQ.O,
roots nrt and drt arm considered to be common roots and will be eliminated from
the transfer function.

497
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Identification

SUBROUTINE SFREQ - LCAP2 Operatorp S Plane Frequency Response

ePurose

Evaluate s plane frequency response using an LCAP2 index. Automatic fre-
quency mode available to allow program to dynamically choose its own frequency
points to yield a smooth plot of the response.

CALL SFREQI)"

I input - Index of s plane transfer function

1. Frequency response parameters are in COMMON/HEADDB. They are to be set
before SFREQ is called. These parameters are defined below,

parameter preset description
FAUTO 1 NE.0 for automatic frequency mode. Uses NOMEG

and OMEGA array.
EQ.0 for user supplied frequency points. Uses

FREQ1, FREQ2, ..., FREQ5 arrays.
NONEG 2 Number of frequency points entered in OMEGA array

% for use in auto. frequency mode (max=20)

OMEGA Array of frequency points for auto. freq. mode

".* :(Units defined by RAD). .. .

A;1. OMEGA(l)=first frequency point used in auto. mode
10. OMEOA(2)=second frequency point used in auto. mode

OMEGA(NOMEG)=last freq. point used in auto. mode
RAD 1 .NE.0 for rad/sec, .EQ.0 for HZ
FBODE 1 .NE.O for Bode plot

FNICO 0 .NE.O for Nichols plot
PMARG 0 .NE.0 for plotting phase margin instead of phase

% for the Nichols plot .

FNYQS 0 .NE.0 for Nyquist plot
NQDB 0 .NE.O for hardcopy Nyquist plot in db
GRAFP 1 .NE.O for printer (lower resolution) plots

FILM 0 .NE.O for hardcopy (higher resolution) plots

FDLAY 0 Time delay (dead time) (s plane only)
" *.DEGMN -360. Minimum defined phase in frequency response

(Phase defined from DEGMN to DEGMN+360.)

CYCLE 0 EQ.0 for automatic selection of 2 or 3 cycle

scale for Bode plots. (1 cycle not available)

sil

98-',,l
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- - . . . . . .. . . . - - . . . . !

FREQI(1) 1 Starting freq. point for first segment of .- -

user specified values
FREQI(2) 10 End freq. point for second segment of user

specified values

FREQI(3) 1 Delta frequency for third segment of user

specified values
FREQk(1) 0 Starting freq. point for k-th segment K

FREQk(2) 0 End freq. point for k-th segment *

FREQk(3) 0 Delta frequency for k-th segment *-oyi..EO
(k=2,5) (* - only if FAUTO.EQ.O) .-.--

DBMAX 0 Maximum db for plotting frequency response

DBMIN 0 Minimum db for plotting frequency response

(Auto. scaling if DBMAX:DBMIN) _._

FXYDL .5 Nyquist plot scale in units per inch

(Auto. scaling if FXYDL=O)

FXYMN -2.5 Nyquist plot parameter - minimum real and imaginary

value plotted.

SAMPT 1. Sampling period for use in w or z plane freq. response

If the automatic frequency mode is selected (FAUTO=O), the program will
choose frequency values for evaluating the transfer function such that succes-

sive delta db and delta phase values will be within specified limits to yield a

smooth plot. The program evaluates the first point using f = OMEGA(1). Then

choosing deltaf = OMEGA(1)/20 initially, the next frequency to be used is com-

puted as f = f + deltaf. Evaluating the next point using this value of f, the

delta db and delta phase is compared to the specified limits. If either is too

large, deltaf is halved and the response is recomputed. If both are too small,

deltaf is doubled and the response is recomputed. The limits for the delta db __-

response is EDBI/2 and EDBI. The limits for the delta phase response is EDEG1/2

and EDEGl. Simultaneously with computing the next f to be used, a comparison is

made with the next value of OMEGAi). If f is larger than OMEGA(i), f will be

4e replaced with the value of OMEGAi). This will ensure that the user specified

frequency values will be inserted into those computed by the program. This proc-

ess will continue until the last value OMEGA(NOMEG) is used.

Since the plot points computed to generate a smooth plot will, in many cas-

as, be very large, only a portion of the computed response will be printed out.
The print out is controlled by the delta db and delta phase parameters, EDBZ and

EDE02, respectively. A print out is made only if either of these two limits are

exceeded.

Also as part of the automatic frequency mode, a comparison is made on del- ',-

taf to keep (deltaf/f) within the limits of MNDH and MXDH. The lower limit MNDH

is necessary to prevent an excessive number of plot points around frequencies

with low damping coefficients. The upper limit MXDW will ensure enough points to

yield a smooth Bode plot.

99 , .,.'..
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The above parameters used in the automatic frequency mode are in
COMMON/HEADDB/. They can be changed by the user. These parameters are defind

belowt

, . parameter preset description

, EDBl 1. Min. delta db for plotting
- EDB2 2. Min. delta db for printout

EDEGI 4.. Max. delta phase for plotting
EDEG2 10. Max. delta phase for printout
MNDW .0005 Min relative frequency step size
MXDW .2 Max. relative frequency step size

- MXITF 3000 Max. no. of iterations of freq. response

With either the au+omatic or the non-automatic frequency mode, the program
.. will automatically check for the gain and phase crossover. When found, interpo-

lation is used to find the exact crossover frequency and the response computed
.' at that frequency.

In the non-automatic frequency mode (FAUTO=O) the user can define up to

five sets of frequencies to be used in computing the response. Each of these
. sets are specified by a three element array of the form FREQk(i), i=1,3

described above under Usage. If FREQk(l) = a FREQk(2) = b and FREQk(3) = c, the

.. k-th set for frequencies specified is.

a, a+c, a+2c, ..., a+jc, b

where j is the largest integer such that (a+jc) is less than b. Each successive
FREQk array must define an increasing set of frequencies such that the first
value of the segment is always larger than the last value of the preceding seg-

ment. When FREQk(3) is not larger than FREQk(l), as in the case with the preset

values for k = 2,5, those segments will not be used.

.100
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Identification

j:4 SUBROUTINE SLOCI - LCAP2 Operator, S Plane Root Locus

Purpo,, .

Evaluate s plane root locus using an LCAP2 index. Automatic gain selection

available to supplement user-selected gains. --.

Us~ae

CALL SLOCICI)

I input - Index of a plane transfer function to be evaluated

1. Root locus parameters are in COMMON/HEADDB/. They are to be set before
SLOCI in called. These parameters are defined below,

parameter preset description

NLOCI 2 Number of root locus gains entered in array KGAIN
Cmax=25)

KGAIN Array of values used for computing root locus gains

.5 KGAIN()=first user-specified root locus gain

2. KGAIN2):second user-specified root locus gain

KGAIN(NLOC):last root locus gain .,

(Gains computed and used only if they are between

KGAIN(1) and KGAIN(NLOCI) )
KFLG 0 .EQ.0 to increment gain by multiplying by KDELT

.NE.0 to increment gain by adding by KDELT

KDELT I.E4 Value for changing gains (preset to large value so
that no additional gains are computed by the program)

ITLOC 50 Max. no. of different gains computed for root locus

GRAFP 1 .NE.0 for printer (low resolution) plot

FILM 0 .NE.O for hardcopy (high resolution) plot

RLXMN 0 Minimum x axis for plot 
i-

RLXMX 0 Maximum x axis for plot

(Auto. scaling of x axis if RLXMN:RLXNX=O)

RLYMN 0 Minimum y axis for plot

RLYNX 0 Maximum y axis for plot
(Auto. scaling of y axis if RLYMN:RLYMX=O)

Root locus is computed by evaluating the roots of the polynomial (PN +
GAINKPD) whlere GAIN is the varied gain and PN and PD are the numerator and denm-,'.

inator polynomials of the transfer function.

10. ,
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Identification

SUBROUTINE SHORN - LCAP2 Operator, Normalize S Plane Transfer Function

Purpose

Normalize s plane transfer function using an LCAP2 index. Normalization can

be either with respect to the low order non-zero coefficient or the high order

coefficient of the denominator.

-:-* Usace

CALL SNORM()-

I input - Index of the s plane transfer function

1. Normalization parameters are in COMNON/HEADDB/. They are to be set before
SHORN is called. These parameters ore defined below:

parameter preset description
. KNORM 1. Value used for normalizing the transfer function

NRMFG 0 If EQ.0, the low order non-zero coefficient of the
denominator is set equal to the value of KNORM and
all other coefficients are normalized to this value.

" :. If KNORM=I., the low order non-zero coefficient of the

".- .,,~ numerator is the Bode gain.

If .NE.0, the high order coefficient of the denominator
is set equal to the value of KNORM and all other coeffi-
cients are normalized to this value. If KNORM:l., the
high order coefficient of the numerator is the root

.. :% locus gain.

Restrictins

KNORM cannot be zero.

.4.....
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Idelitification .

I. SUBROUTINE SPADD -LCAP2 Operator, S Plane Transfer Function Add

I input - Index of resultant transfer function sum
J input - Index of first transfer function to be added
K input - Index of second transfer function to be added

a SPDIV

Identification

SUBROUTINE SPDIV -LCAP2 Operator, S Plane Transfer Function Divide

Divide two s plane transfer functions using LCAP2 indices.

CALL SPDIVCIJK)

I input - Index of resultant transfer function
J input - Index of dividend transfer function
K input - Index of divisor transfer function

103
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d' a Identification

SUBROUTINE SPEQW LCAP2 Operator, S Plane Equal

FProea

Equate s plane transfer functions using LCAP2 indices.

.~Usace

CALL SPEQU(I,J)

I input - Index of resultant transfer function
J input - Index of transfer function to be equated with

SPLDC

/ Identification

SUBROUTINE SPLDC -LCAP2 Operator, Load Coefficients Into S Plane Transfer a.J

FUNCTION

Load coefficients into s plane transfer function using an LCAP2 index.

CALL SPLDCCI)

46- I input - Index where transfer function is to be stored

1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD (LCAP2 format) which are in COMMON/HEADDB/. They are
to be set before SPLDC is called.

.. ~.10a



SPLDR

": Identification

SUBROUTINE SPLDR - LCAP2 Operator, Load S Plane Transfer Function In
Root Form

Load roots into a plane transfer function using an LCAP2 index.

CALL SPLDR(I)

I input - Index where transfer function is to be stored

1. Transfer function roots are entered with polynomial coefficient arrays
ROOTN and ROOTD (LCAP2 format) which are in COMMON/HEADDB/. They are to be
sot before SPLDR is called.

- 'C -*-7
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I. Identification

SUBROUTINE SPMPY -LCAP2 Operator, S Plane Transfer Function Multiply

Purpos

Multiply two s plane transfer functions using LCAP2 indices.

CALL SPMPYCZ,J,K)

I input -'Index of resultant transfer function product
J input - Index of first transfer function to be multiplied

-4 K input - Index of second transfer function to be multiplied -

If only the coefficients of the j-th and k-th transfer functions are avail-
able, the product is computed by multiplication of the coefficients. If the
roots of the j-th and k-th transfer functions are available, the product is com-
puted by combining the roots. The coefficients of the product are then formed
from these roots.

IV4.
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Identification

SUBROUTINE SPPRN - LCAP2 Operator, Print Out S Plane Transfer Function

Print out s plane transfer function using an LCAP2 index.

1 -. a.' ..-Usace -: '

CALL SPPRNCI)
'.,.

I input - Index of transfer function to be printed out

%°° %' Method
'o...

Roots of the transfer function are printed out only if they are defined .

(previously computed or loaded in). Coefficients of the transfer function are

printed out in ascending order.

SPRTS -. ,.
%

Identification

. SUBROUTINE SPRTS - LCAP2 Operator, Find Roots Of S Plane Transfer Function

Find roots of an s plane transfer function using an LCAP2 index.

Usac:

CALL SPRTS()-

I input - Index of s plane transfer function

Method '":
fl.* %boi

Roots of the numerator and denominator are computed by subroutine PROOT. U,'.

,.'.-.-.Restrictins

If the roots of SPTFi were previously computed or loaded in, the program

will not recompute the roots from the coefficients. A message to this effect
will be printed.

1074I'*.
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Identification

~ .SUBROUTINE SPSUB -LCAP2 Operator, S Plane Transfer Function Subtract

Purpose

* Subtract two s plane transfer functions using LCAP2 indices.

CALL SPSUDCI,J,K) 
1

I input - Index of resultant transfer function difference
7's. J input - Index of first transfer function (minuend)

K input - Index of second transfer function (subtrahend) .

110
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1 Identification

S,
4  SUBROUTINE STIME - LCAP2 Operator, Inverse Laplace Transform And Time Response

fu.mo -.

Compute inverse Laplace transform and the time response using an LCAP2
index.

U-o

CALL STIMECI)

I input - Index of s plane transfer function

1. Time response parameters are in COMMON/HEADDB/. They are to be set before
STIME is called. These parameters are defined below,

parameter preset description
TSTEP 1 .NE.O for step response; .EQ.O for impulse response
TMAGN 1. Magnitude of input for time response ,-.-*.
TZERO 0 Start time for evaluating time response
TEND 1. End time for evaluating time response
TDELT 1. Delta time for evaluating time response -

THAGN 1. Magnitude of input for time response
GRAFP 1 .NE.O for printer (low resolution) plot
FILM 0 .NE.O for hardcopy (high resolution) plot
TXMIN 0 Minimum x axis for plot ".

TXMAX 0 Maximum x axis for plot

(Auto. scaling of x axis if TXMIN=TXMAX)
TYMIN 0 Minimum y axis for plot
TYMAX 0 Mamimum y axis for plot

(Auto. scaling of y axis if TYMIN=TYMAX) '

The partial fraction expansion of the s plane transfer function times -
(Ws), if the input is a step function, is first computed. By utilizing the *'

inverse Laplace transform, the analytical solution is computed and printed out.
This analytical solution is then evaluated over the range of time values speci-
find.

Due to the algorithm used to implement the partial fraction expansion, the

following restrictions on the form of the s plane transfer function apply. Mul-
tiple poles are not allowed except for those at the origin. The poles at the ori-
gin (including the pole due to the 1/s term if the input is a step) must be 5 or
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less. Also, the degee of the numerator must not be greeter then the number of
poles not at the origin.

STORE

Identification

SUBROUTINE STORE -Store Polynomial, Transfer Function and Matrix Datae.

Store data from an LCAP2 batch job for a restart capability. This data can
be accessed in a subsequent batch or interactive job by using the RESTORE opera-

tor.

CALL STORECIPRNFG)

IPRNFG input - =0 for no printout of date to be stored

1. To identify the data stored, enter alphanumeric information in HEADC64)
~54 through HEADC7O) of COMMON/HEADDB/ before calling STORE. This information

will be printed out when this data is restored in a subsequent job.

Data will be saved on file TAPE31. The first record will be alphanumeric
information copied from HEADC64) through HEAD(70) of COMMON/IIEADDD/. The other
records on this file are described in the more detailed description of subrou-
tine STORE in Ref. 2.

Restrictions

File type for TAPE31 must be declared with 'FILE,TAPE3l,RT=I.g At the end

K'... of the batch job the user must catalog file TAPE31 on the CDC 835 with * -

'.,ST=PF6)' in the catalog command.
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Identification

%A SUBROUTINE SNMRX - LCAP2 Operator, S to N Plane Multirate Transform

Compute multirate (slow input, fast output) s to w plane transform using
LCAP2 indices. The zero order hold, if included, is at the slower input sampling

-~ rate. The ratio of the output/input sampling rates must be an integer. (notes
the w is not the w' defined by the Tustin's bilinear rule)

Msain

CALL SHNRX(I,J)
I input - ndex of w plane transfer function

J input - Index of s plane transfer function

44 1. SHMRX parameters are in COMMON/HEADDB/. They are to be set before SHMRX is
called. These parameters are defined below'

parameter preset description

DELAY 0 Time delay, (enter negative value for time advance)
SAMPT 1. Sampling period of the faster output sampler
NTGER 1 Integer ratio of output/input sampling rates .,-x

.,,. (or, input/output sampling periods)

ZON .NE.O for inclusion of zero order hold at the input

Partial fraction expansion of the s plane transfer function (including the
1/a from the zero order hold if there is one) is computed by subroutine RESDU.
The w transform (at the faster output sampling rate) of each term of the expan-
sion is then computed. Next, the terms of the expansion are summed and ratio-
nalized. Roots of this intermediate transfer function are then found. This
result is multiplied by the discrete contribution of the zero order hold (which

is at the slower input sampling rate) to yield the desired transform.

Rstritos

The algorithm used for computing the partial fraction expansion requires
the following constraints on the s plane transfer function. Multiple poles are
not allowed except for those at the origin. The poles at the origin (including
the 1/a from the zero order hold if there is one) must be 5 or less. Also, the
degree of the numerator must not be greater than the number of poles not at the

origin.

• g ...
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1 S XFM

Identification

SUBROUTINE SHXFN - LCAP2 Operator, S to N Plane Transform

- Purpose O

Compute sampled-data transform from s to w plane using LCAP2 indices.

(note: this w is not the w' defined by the Tustin's bilinear rule)

Usage

CALL SWXFM(I,J)

I input - Index of w plane transfer function

. J input - Index of s plane transfer function

1. SHXFM parameters are in COMMON/HEADDB/. They are to be set before SHXFM is
called. These parameters are defined below:

parameter preset description
DELAY 0 Time delay, (enter negative value for time advance)
SAMPT 1. Sampling period

ZON 1 .NE.0 for inclusion of zero order hold

Method

Partial fraction expansion of the s plane transfer function (including the
1/s from the zero order hold if there is one) is computed by subroutine RESDU.
The w transform of each term of the expansion is then computed. Next, the terms

of the expansion are summed and rationalized. Roots of this intermediate trans-
fer function are then found. This result is multiplied by the discrete contrib-

p ution of the zero order hold to yield the desired transform.

Restrictions

The algorithm used for computing the partial fraction expansion requires
the following constraints on the s plane transfer function. Multiple poles are
not allowed except for those at the origin. The poles at the origin (including

the l/s from the zero order hold if there is one) must be 5 or less. Also, the

degree of the numerator must not be greater than the number of poles not at the

origin.
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SNRX j

Identific-ti-n

SUBROUTINE SZNRX - LCAP2 Operator, S to Z Plane Multirate Transform

Compute multirate (slow input, fast output) a to z plane transform using
LCAP2 indices. The zero order hold, if included, is at the slower input sampling
rate. The ratio of the output/input sampling rates must be an integer.

CALL SZMRXCIJ)

I input - Index of z plane transfer function
J input - Index of s plane transfer function

1. SZMRX parameters are in COMMON/HEADDB/. They are to be set before SZMRX is
called. These parameters or* defined belows:

parameter preset description
DELAY 0 Time delay, Center negative value for time advance)
SAMPT 1. Sampling period of the faster output sampler
NTGER 1 Integer ratio of output/input sampling rates

(or, input/output sampling periods)
ZON .NE.0 for inclusion of zero order hold at the input

Method ' '""

Partial fraction expansion of the a plane transfer function (including the
1/s from the zero order hold if there is one) is computed by subroutine RESDU.

The w transform (at the faster output sampling rate) of each term of the expan-
sion is then computed. Next, the terms of the expansion are summed and ratio-
nelized. Roots of this intermediate transfer function are then found. This
result is multiplied by the discrete contribution of the zero order hold (which
is at the slower input sampling rate) to yield the w plane form of the desired
transform. Next, subroutine NZTRANS is called to transform the w plane roots to
the z plane. The coefficients of the z plane transfer function ore then
computed.

The algorithm use for computing the partial fraction expansion requires
that the following constraints on the s plane transfer function. Multiple poles
are not allowed except for those at the origin. The poles at the origin (includ-
ing the 1/s from the zero order hold if there is one) must be 5 or less. Also,
the degree of the numerator must not be greater than the number of poles not at
the origin.
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SUBROUTINE SZXFN - LCAP2 Operator, S To Z Plane Transform

Compute sampled-data transform from a to z plane using LCAP2 indices.

*J eoe.4..

CALL SZXFN(I,J)

I input - Index of z plane transfer function

J input - Index of s plane transfer function

1. SZXFM parameters are in COMMON/HEADDB/. See description for SNXF"

Partial fraction expansion of s plane transfer function (including the 1/s
from the zero order hold if there is one) is computed by subroutine RESDU. Since
calculations performed in the w plane are more accurate than in the z plane, the
w transform of each term of the partial fraction expansion is computed. Roots of
this intermediate transfer function are then found. This result is multiplied by

the discrete contribution of the zero order hold to yield the w plane form of the
desired transform. Next, subroutine NZTRANS is called to transform the w plane
roots to the z plane. The coefficients of the z plane transfer function are then
computed.

Restrictions

Same restrictions on s plane transfer functions that apply for SNXFN. For
higher order s plane transfer functions, the w plane transform will be more
accurate than the z plane transform. To determine differences in numerical accu-

racies, compute both w and z plane transforms and compare frequency responses.

9..
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SUBROUTINE HELCR - LCAP2 Operator, Eliminate Common Roots Of W Plane
Transfer Function

. Purpose .-

". Eliminate common roots from a w plane transfer function using an LCAP2
index.

CALL NELCR(I)

I input - Index of w plane transfer function

1. Common root elimination parameters ECRE1 (preset=2.E-4) and ECRE2

(preset=l.E-8) are in COMMON/HEADDB/.

Method

If a numerator root nrt and a denominator root drt are found such that
ADS(drt/nrt - (1.,0.)).LT.ECRE1 for nrt.NE.0 or ABS(drt).LT.ECRE2 for nrt.EQ.0,
roots nrt and drt are considered to be common roots and will be eliminated from

the transfer function.
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Identification

SUBROUTINE HFREQ - LCAP2 Operator, H Plane Frequency Response

Purpose---

Evaluate w plane frequency response using an LCAP2 index. Automatic fre-
quency mode available to allow program to dynamically choose its own frequency
points to yield a smooth plot of the response.

Usace--

CALL HFREQ()-

I input - Index of w plane transfer function

1. Frequency response parameters are in COMMON/HEADDB. They are to be set

before HFREQ is called. See description of SFREQ for the complete list of
definitions of these parameters. The parameter SANPT is described below

.i *. :parameter preset description
SAMPT 1 Sampling period

X~ethod

Same as that described in detail in description of SFREQ.

In the automatic frequency mode (FAUTO=O) the program will avoid using fre-
quency values at or near the half sampling frequency. N plane frequencies (im-
aginary part) greater than 1000. will not be used.

-6
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Identification

SUBROUTINE HLOCI -LCAP2 Operator, N Plane Root Locus

Purpos

Evaluate w plane toot locus using an LCAP2 index. Automatic gain selection
available to supplement user-selected gains.

CALL NLOCICI)

I input -Index of w plane transfer function to be evaluated

1. Root locus parameters are in COMNON/HEADDD/. They are to be set before WLO-
CI is called. Se* description of SLOCI for a complete list of definition of
these parameters.

Same as that described in detail in description of SLOCI.
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Identification

SUBROUTINE WMRFQ - LCAP2 Operator, W Plane Multirate Frequency Response

Evaluate multirate (fast input, slow output) frequency response of a w

plane transfer function using an LCAP2 index.

211 ~~ursa "','.

CALL WMRFQ(I,M)

, I input - Index of w plane transfer function

M input - Integer ratio of output/input sampling periods

1. The input w plane transfer function is at the faster sampling rate.

,." 2. Frequency response parameters are in CONMON/HEADDB/. See description of
SFREQ.

3. The sampling period, SAMPT, is for the slower output sampler.

The frequency response is evaluated by direct application of Sklansky's

frequency decomposition. No explicit rational representation of the slower out-
put transform is computed. If an explicit representation of the slower output

transfer function is desired, see LCAP2 operator WMRXFM.
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Identification

SUBROUTINE HMRXFM -LCAP2 Operator, Multirate (fast input, slow output
* sampler) W Transform

Purpose

4... Compute the output w transform of a fast to slow sampler using LCAP2
indices. This operation will yield a rational transfer function at the slower

.sampling rate.

-N CALL HMRXFNCI,J)

I input Index of resultant slower output w plane transfer function
J input Index of faster input w plane transfer function

1. The integer ratio, output/input sampling periods, NTGER, of COMMON/HEADDB/

* must be set before this subroutine is called.

The faster input transfer function is first transformed to the z plane.

The output transfer function of a fast to slow rate sampler is then given in the

z plane by Sklansky's frequency decomposition method as,

- \ T/n j2Xpi~k/n

/ n
k1l

T/n
where 0 (z ) is the z plane transfer function at the faster sampling rate

n

and n is the integer ratio of the output/input sampling periods. 
Using the

root form representation of the input transform, a rational representation

of the slower rate output transfer function is computed. This transfer function
is then transformed to the w plane.
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Identification

SUBROUTINE WHNORM - LCAP2 Operator, Normalize H Plane Transfer Function
Purposer iw a t s

Normalize w plane transfer function using an LCAP2 index. Normalization can
'4. be either with respect to the low order non-zero coefficient or the high order

coefficient of the denominator.

Usage

CALL HNORM(I)

I input - Index of the w plane transfer function

1. Normalization parameters are in COMMON/HEADDB/. They are to be set before
WNORM is called. These parameters are defined below$

parameter preset description

KNORM 1. Value used for normalizing the transfer function
NRMFG 0 If .EQ.O, the low order non-zero coefficient of the

denominator is set equal to the value of KNORM and
all other coefficients are normalized to this value.

-' If KNORM=I., the low order non-zero coefficient of the

numerator is the Bode gain.
If .NE.0, the high order coefficient of the denominator

A is set equal to the value of KNORM and all other coeffi-
cients are normalized to this value. If KNORM=I., the -

high order coefficient of the numerator is the root
locus gain.

KNORM cannot be zero.

120 %
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Add two w plans transfer functions using LCAP2 indices.

CALL MPADDCI,J,K)

I input - Index of resultant transfer function sum.1 J input - Index of first transfer function to be added
K input - Index of second transfer function to be added

HED1V

Identification

SUBROUTINE NPDIV - LCAP2 Operator, H Plane Transfer Function Divide

4.". - ._.

Divide two w plane transfer functions using LCAP2 indices.

CALL NPDIVCI,J,K) -.

I input - Index of resultant transfer function
J input - Index of dividend transfer function NY,
K input - Index of divisor transfer function

,4".- o
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Identification

SUBROUTINE NPEQU -LCAP2 Operator, H Plane Equal
Purpose

.~ .~Equate w plane transfeor functions using LCAP2 indices.

llama

CALL NPEQUCI,J)

4I input - Index of resultant transfer function
- ~ J input - Index of transfer function to be equated with

-. *S,..

Identification

SUBROUTINE NPLDC - LCAP2 Operator, Load Coefficients Into N Plane Transfer
Function

Load coefficients into w Plane transfer function using an LCAP2 index.

Ilnam
CALL PLDCCI)

I input - Index where transfer function is to be stored

1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD CLCAP2 format) which are in COMMON/HEADDB/. They are
to be set before NPLDC is called.

I .-

122 '-.

",__T S
,k..F, *Inu* ne hretase ucinist esoe "'

'...1"%- .~ Trasfe fucton oef*cnt are entered 5**r**h polyno coeffi.ien



n . . o . . .

* . •

Identification

SUBROUTINE NPLDR - LCAP2 Operator, Load W Plane Transfer Function In

Root Form

Purpose.

Load roots into w plane transfer function using an LCAP2 index.

CALL WPLDR(I)

I input - Index where transfer function is to be stored

1. Transfer function roots are entered with polynomial coefficient arrays

ROOTN and ROOTD (LCAP2 format) which are in COMNON/HEADDB/. They are to be

set before NPLDR is called. .4'.

Identification ,.

* SUBROUTINE NPMPY - LCAP2 Operator, W Plane Transfer Function Multiply

Purpose

Multiply two w plane transfer functions using LCAP2 indices.

Usaae ""-'

CALL WPMPY(I,J,K) '

I input - Index of resultant transfer function product .-

J input - Index of first transfer function to be multiplied

K input - Index of second transfer function to be multiplied

If only the coefficients of the j-th and k-th transfer functions are avail-

able, the product is computed by multiplication of the coefficients. If the -

roots of the j-th and k-th transfer functions are available, the product is com-

puted by combining the roots. The coefficients of the product are then formed -

from these roots.

123..
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Identification

SUBROUTINE NPPRN - LCAP2 Operator, Print Out W Plane Transfer Function

Purpose

Print out w plane transfer function using an LCAP2 index.

.:. Usage ,-".

CALL NPPRN(I)

.. I input - Index of transfer function to be printed out

Roots of the transfer function are printed out only if they are defined
(previously computed or loaded in). Coefficients of the transfer function are
printed out in ascending order.

Identification

SUBROUTINE HPRTS - LCAP2 Operator, Find Roots Of W Plane Transfer Function

Purpos

Find roots of a w plane transfer function using an LCAP2 index.

CALL HPRTS(I)

I input - Index of w plane transfer function

f...hso

Roots of the numerator and denominator are computed by subroutine PROOT.

Hautrictiona 5

%5 *°

If the roots of NPTFi were previously computed or loaded in, the program
will not recompute the roots from the coefficients. A message to this effect
will be printed.

124
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Identification

SUBROUTINE NPSUB - LCAP2 Operator, N Plans Transfer Function Subtract

Subtract two w plane transfer functions using LCAPZ indices.

CALL NPSUBCI,J,K)

I input - Index of resultant transfer function difference

J input - Index of first transfer function (minuend)
K input - Index of second transfer function (subtrahend)

512
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Identification

SUBROUTINE NSXFM LCAP2 Operator, Transform N Plane Roots Into S Plane

Purpose " ..4, .- o

Transform w plane roots into "equivalentu a plane roots using an LCAP2
index. The transformation of the w plane roots to the s plane is not unique. The
wequivalentw a plane roots are provided solely to aid the analyst in identifying
and correlating w plane roots. The computed s plane roots are not saved.

., .; Us as -.-,.

CALL HSXFMC).

I input - Index of w plane transfer function

1. Sampling period, SANPT, of COMMON/HEADDB/ must be set before calling this
subroutine.

Method

Transformation of the roots from w to the s plane is defined by

s = In( (l+w)/(1-w)) / SAMPT

.. When w = -1.0 or +1.0 the "equivalent" a plane root is undefined. If ABS(.-w)

is less than 1.R-5, the equivalent root is printed out as 999999.99. If
ABS(w+l.) is less than 1.E-5, the equivalent root is printed out as -999999.99.

.126
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SUBROUTINE NZXFM - LCAP2 Operator, W to Z Plane Transformation

Purpose,

" .Compute w to z plane bilinear transformation using an LCAP2 index. (note,

the w is not the w' defined by the Tustin's bilinear rule)

Usa-'

CALL IZXFMIJ).'"

I input - Index of computed z plane transfer function

J input - Index of w plane transfer function to be transformed. - .
le i

1. The sampling period, SAMPT, of COMMON/HEADDB/ must be set before calling
this subroutine. ,-

Bilinear transformation is implemented by transformation of the w plane
roots.

127 %.%
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Identification

SUBROUTINE ZELCR - LCAP2 Operator, Eliminate Common Roots Of Z Plane
, Transfer Function

Eliminate common roots from a z plane transfer function using an LCAP2
index.

CALL ZELCR(I)

I input - Index of z plane transfer function

1. Common root elimination parameters ECRE (preset=2.E-4) and ECRE2
(preset=l.E-8) are in COMMON/HEADDB/.

If a numerator root nrt and a denominator root drt are found such that
ABS(drt/nrt - (1.,O.)).LT.ECRE1 for nrt.NE.O or ABS(drt).LT.ECRE2 for nrt.EQ.O,
roots nrt and drt are considered to be common roots and will be eliminated from
the transfer function.

%
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SURUIEZFE CP Operator, Z Pln rqenyRsos

PuIroUTse ZRQ- 2PaeFeunyRsos

Evaluate z plane frequency response using an LCAP2 index. Automatic fre-
quency mode available to allow program to dynamically choose its own frequency
points to yield a smooth plot of the response.

CALL ZFREQ(I)

I input - Index of z plane transfer function

1. Frequency response parameters are in COMON/HEADDI. They are to be set
before ZFREQ in called. See description of SFREQ for the complete list of
definitions of these parameters. The parameter SAMPT is described belows

parameter preset description -

SAMPT I Sampling period

Nothmi

Same as that described in detail in description of SFREQ.

*12
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Identification

SUBROUTINE ZLOCI - LCAP2 Operator, Z Plane Root Locus

Purpose:,+e

Evaluate z plane root locus using an LCAP2 index. Automatic gain selection
available to supplement user-selected gains.

Usac.e

CALL ZLOCII).

I input - Index of z plane transfer function to be evaluated

1. Root locus parameters are in CONMON/HEADDB/. They are to be set before ZLO-

CI is called. See description of SLOCI for a complete list of definitions
of these parameters.

Same as that described in detail in description of SLOCI.
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Identification

SUBROUTINE ZMRFQ - LCAP2 Operator, Z Plane Nultirate Frequency Response

Purpose

Evaluate multirate (fast input, slow output) frequency response of a z

plane transfer function using an LCAP2 index.

CALL ZMRFQ(I,M)

I input - Index of z plane transfer function

N input - Integer ratio of output/input sampling periods

1. The input z plane transfer function is at the faster sampling rate.

2. Frequency response parameters are in COMNON/HEADDB/. See description of

SFREQ.

3. The sampling period, SAMPT, is for the slower output sampler.

The frequency response is evaluated by direct application of Sklansky's

frequency decomposition. No explicit rational representation of the slower out-

put transform is computed. If an explicit representation of the slower output

transfer function is desired, see LCAP2 operator ZMRXFN. ____

19.-1
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Identification

SUBROUTINE ZNRXFN - LCAP2 Operator, Multirate (fast input, slow output
sampler) Z Transform

Purpose

Compute the output z transform of a fast to slow sampler using LCAPZ
indices. This operation will yield a rational transfer function at the slower """-
sampling rate.

Usage

CALL ZMRXFM(I,J)

I input - Index of resultant slower output z transfer function
J input - Index of faster input z transfer function

1. The integer ratio, output/input sampling periods, NTGER, of COMMON/HEADDI/
must be set before this subroutine is called.

The output transform of a fast to slow rate sampler is given by Sklansky's
frequency decomposition method as

,.-,. 1 .''-.

- ' Tin j2MpiKk/n
n 0 (ze

/ n
k=1

T/n
where 0 Cz ) is the z plane transfer function at the faster sampling rate

n
and n is the integer ratio of the output/input sampling periods. Using the
root form representation of the input transform, a rational representation
of the slower rate output transform is computed. N'
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Identification

SUBROUTINE ZPADD -LCAP2 Operator, Z Plans Transfer Function Add

.Purpose

Add two z plans transfer functions using LCAP2 indices.

CALL ZPADDCI,J,K)

I input - Index of resultant transfer function sum
J input - Index of first transfer function to be added
K input - Index of second transfer function to be added

ZP.9%

Identification

SUBROUTINE ZPDIV -LCAP2 Operator, Z Plane Transfer Function Divide

Divide two z plane transfer functions using LCAP2 indices.

Mseas

CALL ZPDIVCI,J,K)

I input - Index of resultant transfer function
J input - Index of dividend transfer function
K Input - Index of divisor transfer function

-13



Identification

SUBROUTINE ZPEQU -LCAPZ Operator, Z Plane Equal .
Purpos

Equate z plane transfer function. using LCAP2 indices.

CALL ZPEQU(I,J)

I input - Index of resultant transfer function
J input - Index of transfer function to be equated with

Identification d

SUBROUTINE ZPLDC -LCAP2 Operator, Lad Coefficients Into Z Plane Transfer
* S ~Function -

Load coefficients into z plane transfer function using an LCAP2 index.

CALL ZPLDCCI '.' 5

I input - Index where transfer function is to be stored

* 1. Transfer function coefficients are entered with polynomial coefficient
arrays POLYN and POLYD CLCAP2 format) which are in CONNON/"EADDI/. They are.
to be set before ZPLDC is called.
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* a- Identification *-

SUBROUTINE ZPLDR -LCAP2 Operator, Load Z Plane Transfer Function In
Root Form

Load roots into z plane transfer function using an LCAP2 index.

CALL ZPLDRCI)

I input - Index where transfer function is to be stored

a-.1. Transfer function roots are entered with polynomial coefficient arrays
ROOTH and ROOTD (LCAP2 format) which are in CONMON/HEADDB/. They are to be
set before ZPLDR is called.
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SUBROUTINE~~ ZPP LCP prtr ln rase ucinMlil
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Identification

SUBROUTINE ZPPRN -LCAP2 Operator, Print Out Z Plans Transfer Function

Purpose

Print out z Plano transfer function using an LCAP2 index.

Usaa%

CALL ZPPRNCI)

9:" I input - Index of transfer function to be printed out

Roots of the transfer function are printed out only if they are defined
(previously computed or loaded in). Coefficients of the transfar function or*
printed out in ascending order.

ZPRTS

Identification

SUBROUTINE ZPRTS - LCAP2 Operator, Find Roots Of Z Plane Transfer Function

...o...

Puros

Find roots of a z plane transfer function using an LCAP2 index.

CALL ZPRTSCI) K.:-

I input -Index of z plane transfer function

Roots of the numerator and denominator are computed by subroutine PROOT.

The code for this routine is in subroutine SPRTS.

If the roots of ZPTFi were previously computed or loaded in, the program.
will not recompute the roots from the coefficients. A message to this effectwill be printed.
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Identification --

SUBROUTINE ZPSUB - LCAP2 Operator, Z Plane Transfer Function Subtract -

Purpose- .]

Subtract two z plane transfer functions using LCAP2 indices.

Un. o-._

CALL ZPSUB(I,J,K)

I input - Index of resultant transfer function difference
J input - Index of first transfer function (minuend)
K input - Index of second transfer function (subtrahend)

ZSF

* Identification

SUBROUTINE ZSXFM - LCAP2 Operator, Transform Z Plane Roots Into S Plane

Transform z plane roots into "equivalent" s plane roots using an LCAP2
index. The transformation of the z plane roots to the s plane is not unique. The
Uequivalent" a plane roots are provided solely to aid the analyst in identifying
and correlating z plane roots. The computed s plane roots are not saved.

CALL ZSXFMCI) .

I input - Index of z plane transfer function

1. Sampling period, SAMPT, of CONNON/HEADDI/ must be set before calling this
subroutine.

Method
,.

Transformation of the roots from z to the a plane is defined by

a In( z ) / SAMPT
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Identification

SUBROUTINE ZTIME - LCAP2 Operator, Inverse Z Transform And Time Response

Compute inverse z transform and the time response using an LCAP2 index.

hsa"

CALL ZTIME(I)

I input - Index of z plane transfer function

1. Time response parameters are in COMMON/NEADDB/. They are to be set before
ZTIME is called. These parameters are defined belowt

parameter preset description
TSTEP 1 NE.O for step response; .EQ.O for impulse response
TMAGN 1. Magnitude of input for time response
TEND 1. End time for evaluating time response
TMAGN 1. Magnitude of input for time response ,.-.
SAMPT 1. Sampling period .".

GRAFP 1 .NE.O for printer (low resolution) plot
FILM 0 .NE.O for hardcopy (high resolution) plot
TXMIN 0 Minimum x axis for plot
TXMAX 0 Maximum x axis for plot

(Auto. scaling of x axis if TXMIN=TXMAX)
TYMIN 0 Minimum y axis for plot
TYMAX 0 Mamimum y axis for plot

(Auto. scaling of y axis if TYMIN=TYMAX)

-.-.-.d

The inverse z transform is computed by the power series (long division)
method. Nhile this method of computing the time response is inherently less
accurate then the partial fraction method, results for typical transfer func-
tions are excellent. To provide a measure of the accuracy of the response, the
results are computed in double precision and compared with single precision
results.
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identification

. SUBROUTINE ZVCNO - LCAP2 Operator, Z to (Zxxn) Transformation

Puram 0

by..Compute transformation of z plane transfer function to a faster z variable

by replacement of variables.

. Uaae

CALL ZVCNG(I,J)

I input - Index of resultant z plane transfer function expressed
in terms of the faster z variable

J input - Index of z plane transfer function to be operated upon

1. The integer ratio of faster/slower sampling rate, NTGER, of CONNON/HEADDB/ r

must be set before ZYCHO is called.

othd ...

The z variable of the slower sampled transfer function is replaced by z**n

and stored into the faster sampled transfer function. This subroutine calls

ZVCHNO1. ". "°

.'.. ..

Since the format used to represent transfer function arrays in LCAP2 limits

the degree of the polynomials to less that 50, the degree of the j-th z plane

transfer function times NTGER must be less than 50.

%
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Identification

SUBROUTINE ZNXFM LCAP2 Operator, Z to N Plane Transformation

Puirpose

Compute z to w plane bilinear transformation using an LCAP2 index. (notes
the w is not the w' defined by the Tustin's bilinear rule)

U-o

CALL ZNXFMCIJ)

I input - Index of computed w Plane transfer function
J input - Index of z Plano transfer function to be transformed.

1. The sampling period, SAMPT, of COMMON/HEADDD/ must be set before calling
* this subroutine.

Mthodn

lilinear transformation is implemented by transformation of the z planeA
roots.

142~
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4.

APPENDIX B -DEFINITION OF LCAP2 PARAMETERS

All of the following parameters are initialized by subroutines INITO and
MINITO which should be called as the first and second executable statements in

'A. the main program.

#?I' Parem. Preset Description

CONTP 0 - Film plot continuation flag (cannot be used for Bode plots)
.EQ.0 - Single plot

.EQ.1 - First curve of a plot
•EQ.2 - Continuation of a plot
.EQ.3 - Final curve of a plot

CYCLE 0 - .Eo for automatic selection of 2 or 3 cycle scal .
for BODE plots. (I cycle is not available)

DBMAX 0 - Max. db for plotting frequency response
DIMIN 0 - Min. db for plotting frequency response

(auto. scaling if DBMAX.EQ.DBMIN)
DEGMN -360. - Min. defined phase in frequency response

(phase defined from DEGMN to DEGMN+360.)

DELAY 0 - Delay time for sampled-data transform - (sec.)

ECREl 2.E-4 - Tolerance for common root in common root elimination
5 A%, subroutine CRELIM

A ECRE2 i.E-8 - Tolerance for zero root in subroutine CRELI-
EDBI 1. - Min. delta db in freq. response for plotting

* EDB2 2. - Min. delta db in freq. response for print out
EDEGI 4. - Min. delta dog. in freq. response for plotting
EDEG2 10. - Min. delta deg. in freq. response for print out
EPADI 1.E-lO - Tolerance for negligible higher order coefficients

in subroutine ADDP *,.
EPI '.E-8 - An input quantity for subroutine MULE
EP2 I.E-i8 - An input quantity for subroutine MULE
EP3 .01 - An input quantity for subroutine MULE
EP i.E- - An input quantity for subroutine MULE
EP5 I.E-8 - An input quantity for subroutine MULE
ERCNJ l.E-4 - Tolerance to determine if complex root pairs are

conjugates
ERCX I.E-4 - Roots are considered to be complex if imag. part

.GT. ERCX
ERCZ 1.E-5 - Roots are considered to be zero if CABS.LT.ERCZ
FAUTO 1 - .NE.O for automatic frequency mode. Uses NOMEG and

OMEGA arrays.
.EQ.0 for user supplied frequency points. Uses
FREI, FREQ2, ..., FREQ5 arrays.

FIODE 1 - .NE. 0 for Bode plots with frequency response
FDLAY 0 - Time delay for s-plane frequency response
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FILM 0 - .NE.0 for hardcopy (high resolution) plots

FNICO 0 - .NE.0 for Nichols plot with frequency response

FNYQS 0 - .NE.0 for Nyquist plot with frequency response'% .' -

FREQI(1) 1. - Starting frequency point for first segment of user

specified values,

FREQl(2) 10. - End frequency point for second segment of user

specified values,
FREQ3(1) 1. - Delta frequency for third segment of user

specified values,
FREQk(1) 0 - Starting frequency point for k-th segment, -
FREQk(2) 0 - End frequency point for k-th segment,
FREQk(3) 0 - Delta frequency for k-th segment, N

(k=2,5) (N - only if FAUTO.EQ.0)

FXYDL .5 - Nyquist plot scale in units per inch
(Auto. scaling if FXYDL=O)

FXYMN -2.5 - Nyquist plot parameter - minimum real and imag. value
plotted

GRAFP 1 - .NE.0 for printer (low resolution) plots
ITLOC 50 - Max. no. of different gains computed in root locus
KDELT l.E+4 - Value for changing root locus gains

(preset to large value so that no additional gains
'- are computed by the program)

KFLG 1 - Flag for computing root locus gains
.EQ.0 for computing gains by ratio KDELT
.NE.0 for computing gains by increment KDELT

KGAIN - Array of values used for computing root locus gains
.5 KGAIN(1)=first user specified root locus gain
2. KGAIN(2)=second user specified root locus gain

KGAIN(NLOCI)=last root locus gain
(Gains computed and used only if they are between
KGAIN(l) and KGAIN(NLOCI) )

KNORM 1 - Gain used for normalizing polynomial or transfer function
MAXIT 80 - Max. no. of iterations allowed per root in subroutine

MULE
MDEG 0 - Degree of highest order polynomial in matrix (0-4) -

MNDW .0005 - Min. relative freq. step size in freqy. response when
FAUTO.NE. 0

MTGER 1 - Integer m for multirata configuration
MXDW .22 - Max. relative freq. step size in freqy. response when

FAUTO.NE. 0
MXITF 3000 - Max. no. of iterations in auto. mode of freq. response

• ." MXM 1 - Dimension of matrices (1-30)

No 0 - Matrix for coefficients of sX*O
Ml 0 - Matrix for coefficients of s*O'
M2 0 - Matrix for coefficients of sN2
M3 0 - Matrix for coefficients of sNx3
M4 0 - Matrix for coefficients of s**4
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NANOT 4 - Number of lines of annotations on hardcopy (high
resolution electrostatic) plot (0-4)

NLOCI 2 - Number of root locus gains entered in array KGAIN
(max=25)

NONES 2 - Number of frequency points entered in OMEGA array
for use in auto. frequency mode (mx:20)

NP 2 - Flag for determining output from subroutine MULE
.EQ.0 - print all iterants and BCI output for special

procedures
- .EQ.1 - print only the final iteration of each root

.EQ.2 - suppress all internal printing
(note - program always print final iteration if max

iteration obtained)
NQDB 0 - .NE.0 for hardcopy Nyquist plot in db :
NRNFG 0 - Polynomial And Transfer Function Normalization Flag

If .EQ.0, the low order non-zero coefficient of the
.4 denominator is set equal to the value of KNORM and

all other coefficients are normalized to this value.
For the a plane, if KNORM:I., the low order non-zero
coefficient of the numerator is the lode gain.

If .NE.0, the high order coefficient of the denominator

is set equal to the value of KNORM and all other coeffi-
cients ore normalized to this value. For the s plane,
if KNORMl., the high order coefficient of the numer-

- ator is the root locus gain.
NTGER I Integer n for multirate configuration
OMEGA - Array of frequency points for auto. frequency mode

S..' (units defined by RAD)
1. OMEGA(1) = first frequency point used in auto. mode

10. ONEGA(2) a second frequency point used in auto. mode

OMEGA(NOMEG)': last freq. point used in auto. mode

PHARO 0 - .ME. 0 for plotting phase margin instead of phase for

the Nichols plot -.

POLY 0 - Array used to input coefficients for polynomials

POLYN 0 - Array used to input numerator coefficients for transfer
functions

POLYD 0 - Array used to input denominator coefficients for
transfer functions .V:

PRNFLGI 1 - (not used) %
PRNFL02 1 - .EQ.O to suppress print out of arguments of an LCAP2

operation

PRNFL03 1 - .EQ.O to suppress print out of LCAP2 operation executed

PRNFLO4 1 - .EQ.O to suppress print out of results of ain LCAP2
operation

PRNFLO5 1 - (not used)
PRN1 0 - .EQ•O for suppressing print out from CRELIN
PRN2 0 - EQ.O for suppressing print out from FREQS
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PRN3 0 - .EQ.O for suppressing print out from RCLAS
PRN4 0 - .EQ.O for suppressing print out from RESDU .
PRN5 0 - EQ.O for suppressing print out from STIME
PRN6 0 - EQ.0 for suppressing print out from NTRANS
PRN7 0 - .EQ.O for suppressing print out from PROOT and MROOT.
PRNIO 0 - .NE.0 for print out of partial fraction coefficients

from subroutine RESDU
RAD 1 - .NE.O For frequency in red/sec

.EQ.0 For frequency in Hz
RLFG1 -1 - Flog for numbering root locus points on the hardcopy

(higher resolution) plots
= 1 for numbering, = -1 for no numbering

RLXMN -450. - Root locus plot param., min. x scale
RLXMX 50. - Root locus plot param., max. x scale

(auto. scaling of x axis if RLXMN=RLYX)
RLYMN -50. - Root locus plot param., min. y scale
RLYMX 450. - Root locus plot param., max. y scale

(auto. scaling of y axis if RLYMN=RLYMX)
ROOT 0 - Array used to input roots of polynomials
ROOTH 0 - Array used to input numerator roots for transfer

functions
ROOTD 0 - Array used to input denominator roots for transfer

functions
RTMAX 1.E+7 - Max. root to be found by subroutine MULE
RZERO 1.E-5 - Roots .LT. RZERO returned from subroutine MULE are set

identically to zero
SAMPT 1 - Sampling period - (sec.)

SHADE 16 - Pen intensity for electrostatic plot (2-28)
TDELT 1. - Incremental time for s-plane time response

.,%' TEND 1. - End time for time response calculation
TMAGN 1. - Magnitude of input for time response calculation
TSTEP 1 - .NE.0 for step response when computing time response

.EQ.0- for impulse response when computing time response
TXMAX 0 - Maximum x axis for time response plot

A TXMIN 0 - Minimum x axis for time response plot
(auto. scaling of time axis if TXMIN:TXMAX)

TYMAX 0 - Maximum y axis for time response plot
TYMIN 0 - Minimum y axis for time response plot

(auto, scaling of y axis if TYMIN=TYMAX)
TZEPI 1. - Inverse z transform computational error criteria.

Percent difference between single and double precision
for which time of first occurrence will be printed out

TZERO 0 - Start time for evaluating s plane time response
TZFLG 0 - .EQ.O for step plot in inverse z transform response

plot (hardcopy only)
• "-', .NE.O for symbol plot in inverse z transform response -

-~.. 4plot (hardcopy only)
XOAP 50. - Plot pen lifts up when x distance exceeds XGAPNC.01)

inches
YANOT 9.6 - Y position for second line of hardcopy plot annotation
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-(in.) (range is 0-10) .'
,, YGAP so. - Piot: Pon lifts up when Y distaence exceeds YGAPN(,01)

inches
, ', ZLINE 19. - Pon intensit~y for accenting zero line for hardcopy plot~s
• '' ZON I - NE.0, include zero order hold in computation of sampled-

"-'" dat:a transform
"" hl .EQ.O, do not include zero order hold

P'"7

- (in.) (rage is.0-10
* VOP 5. -Piotpenlifs upwhe y istac. xceds YAPN.01

ZLINE 19. -. '-ch"

Pen itensty fr acentig zeo lie fo harcopyplot
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APPENDIX C -DESCRIPTION OF SOME COMMONLY USED LCAP2 SUBROUTINES

HEADINI. C1=1.5)

Identification

SUBROUTINE HEADINi -Heading Statement For Entering Plot Titles
a-SI (j1,5)

Simple FORTRAN statement for entering Hollerith data into the plot array
V HEAD of COMMON/HEADDB/ used for labeling plot titles.

CALL HEADINi(INDX,WORD)

INDX input - Pointer to array HEAD of COMI4ON/HEADDB/ where array S

WORD will be copied into >

NORD input - Hollerith data with format 10H ... if i=l
20H ... if i=2

50H ... if i=5

1. First line of plot title is in HEAD(i),i=1,7
Second line of plot title is in HEAD(i),i=8,14
Thr in fplttte si.HA4),=52

Thirdh line of plot title is in HEAD(i),i=521,2

2. Examples CALL HEADIN2(8,2OHTHIS IS AN EXAMPLE )will yield,

HEADC3)lO0HTHIS IS AN
HEAD(4)=10HEXAMPLE

which will appear as the second line of the plot title.

3. First line of plot title will appear at the top of the plot.
Second line will begin a YANOT units from the bottom of page
(full scale defined from 0-10 units). YANOT (preset=9.6) is
in COMMON/HEADDB/.

14(9
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REMARKI.Clcl.S)

Identification

SUBROUTINE REMARKi - Print Out Remarks, (i=1#5)

Single FORTRAN statement for printing out Hollerith data.

CALL REMARKi(A)

4.A input -Hollerith data with format 10H ... if i=1
20H1... if i=2

i,'30H ... if i=3
40H ... if i=4
50H ... if i=5

1. Examples CALL REMARK2(20HTHIS IS AN EXAMPLE )will print out,

THIS IS AN EXAMPLE

% .
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Identification

COMPLEX FUNCTION SFAUX - Evaluate S Plane Transfer Function Coefficient Array

Purpose' .e

Evaluate s plane transfer function coefficient array (LCAP2 format) for use
in computing the frequency response. This complex function can be be used by
subroutine FREQS1 or FREQS2 to evaluate the transfer function specified by its -
first argument. It can also be used by user-supplied subroutines similar to
SFAUX1.

S FAUX CT FC )

TFC input - Transfer function coefficient array (LCAP2 format)
SFAUX output - Complex value of response

1. Independent s plane frequency to be used in evaluating the response is
determined in subroutine FREQS1 or FREQSZ.

7,:-. .:,
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SFAUXI

Identification

', COMPLEX FUNCTION SFAUX1 - Evaluate S Plane Transfer Function Coefficient Array

Purpose

This complex function is similar to SFAUX except that it is written so that
it can be easily modified by the user to allow creation of a user-defined s plane

Z... transfer function.

Usaaep.

SFAUX1(TFC) ".

TFC input - Transfer function coefficient array (LCAP2 format) . .
* SFAUX1 output - Complex value of response

Method

This complex function has only one line of code

SFAUX1=SFAUX(TFC)

so that it will yield the same results as SFAUX.

To create a user defined s plane transfer function, a different value is
returned for SFAUX1. For example, if the function is

SPTF2 + SPTF4/2.

the user would change the FORTRAN code to

SFAUXI=SFAUX(SPTF2) + SFAUX(SPTF4)/2.

Restrictions 2

The argument TFC must be an array in memory. Since only the first five s

plane transfer functions are in COMMON/SCMBLKB/ and all others are on a disk

file, only SPTF1, SPTF2, SPTF3, SPTF4 and SPTF5 can be used to create a

user-defined s plane transfer function. However, the user can define additional

S.; transfer function coefficient arrays in a separate labeled common block to be

accessible by SFAUX. Subroutine FETSTF can be used to copy transfer functions

from the disk file to the transfer function in this common block.

The code for this routine is included so that Example 16, which uses this

routine, can be better understood. The code for is routine is

152
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COMPLEX FUNCTION SFAUX1CTFC)
C THIS FUNCTION WILL YIELD RESLLTS WHICH ARE IDENTICAL TO
C FUNCTION SFAUX IF STATEMENT 100 DELON IS NOT CHANGED.
C
C THE INTENT OF THIS FUNCTION IS TO PROVIDE THE LCAP2 USER WITH
C A ROUTINE WHICH CAN BE EASILY MODIFIED TO ALLOW CREATION OF A USER
C DEFINED S-PLANE FUNCTION TO BE USED WITH SUBROUTINE FREQS. THE
C PROCEDURE IS TO REPLACE STATEMENT 100 WITH A USER DEFINED

N C FUNCTION.

C NEXAMPLE -IF THE USER DEFINED FUNCTION IS TO BE
C
C NSPTF2 + SPTF4/2.N
C
C NREPLACE STATEMENT 100 BYN
C N

C N100 SFAUX1 = SFAUX(SPTF2) + SFAUXCSPTF4)/2.N

C NNNNNNNNNNNNNNNOTE NNNNNNNNNNNNNNN

C
C ONLY THE 5 S-PLANE TRANSFER FUNCTIONS SPTF1,SPTF2,SPTF3,SPTF4,SFTF5
C CAN BE USED DIRECTLY WITH FUNCTION SFAUX. ALL OTHER STORED S-PLANE
C TRANSFER FUNCTIONS ARE ON DISK STORAGE AND THEREFORE NOT DIRECTLY
C ACCESSIBLE WITH FUNCTION SFAUX.
C IN ORDER TO USE ANY OF THESE OTHER S-PLANE TRANSFER FUNCTIONS,
C THE USER MUST (1) DECLARE AN SCM COMMON BLOCK IN THE MAIN PROGRAM
C AND IN SFAUX1, AND (2) TRANSFER THE DESIRED TRANSFER FUNCTIONS
C INTO THIS COMMON BLOCK. SEE E.A. LEE FOR DETAILS.
C

COMMON/FRQBLK/U,X,TWOPI,MMTGER
COMPLEX X
COMMON/HEADDB/HEAD(70),DBC 900)
COMMON/SCMBLK/XTFS(1520),XTFW152),XTFZ(1520),XPY(760)
DIMENSION SPTF(102),SPTF2C102),SPTF3(102) ,SPTF4(102),SPTF5(102)
EQUIVALENCE CXTFSC),SPTF11)), (XTFS35),SPTF2(1))

+,CXTFS69),SPTF31)), CXTFS(913),SPTF4C1)), CXTFS(1217),SPTF5(1))
DIMENSION WPTF1C102) DWPTF2C 102) ,WPTF3C102) ,WPTF4C 102) ,WPTF5C 102) -

EQUIVALENCE (XTFWC),WPTF(1)),CXTFW(305),WPTF2C1))
+,(XTFWC609),WPTF3C1)),CXTFW(913),WPTF4(1)),(XTFWC1217),WPTF5C1)) p

DIMENSION ZPTFI112),ZPTF2C1O2),ZPTF3C1O2),ZPTF4C1O2),ZPTF5C1O2)
EQUIVALENCE (XTFZC1),ZPTF1C1)), CXTFZC3O5),ZPTF2C1))

*,CXTFZ69),ZPTF31)),(XTFZ913),ZPTF4C1)),CXTFZ(1217),ZPTF5C1))
COMPLEX SFAUX

100 SFAUX1xSFAUX(TFC)

h,.. .° -

RETURN
END*
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Identification

SUBROUTINE SFREQY - Evaluate Frequency Response Of An S Plane Transfer
Function Coefficient Array

Evaluate frequency response of an s plane transfer function coefficient
array. User supplies name of the array.

I..-...'- ,
Usace

CALL SFREQY(TFC)

TFC input - Transfer function coefficient array (LCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of
subroutine SFREQ in Appendix A for definitions.

R estrictions h ""

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available, since the others
are on disk files. However, a user common block can be defined so that these oth-
or transfer functions can be first transferred from disk file to memory with

subroutine FETSTF so that SFREQY can be used.

,154
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Identification

COMPLEX FUNCTION NFAUX -Evaluate W Plane Transfer Function Coefficient Array

-IL "o-m.,0

Evaluate w plane transfer function coefficient array (LCAP2 format) for use
in computing the frequency response. This complex function can be used by sub-
routine FREQ~l or FREQW2 to evaluatQ the transfer function specified by its
first argument. It can also be used by user-supplied subroutines similar to
WFAUX1.

This subroutine can also evaluate the multirate (fast input, slow output)
response of the transfer function.

WFAUX(TFC)

7 -V.'.

TFC input - Transfer function coefficient array (LCAP2 format)
PFAUX output - Complex value of response

1. Independent w plane frequency used in evaluation of the response is com-
puted by the program using real frequency X of COMMON/FRQBLK/ and sampling
period SAMPT of COMMON/HEADDB/.

n2. If MMTGER of COMMON/FRQBLK/ is GT.0, the multirate response is computed by
using Sklansky's frequency decomposition method. MMTGER is the ratio of the
(output/input) sampling periods and SAMPT is the sampling period of the
faster input sampler.

.A.

j'%
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kFAUXL

Identification

COMPLEX FUNCTION HFAUX1 - Evaluate N Plane Transfer Function Coefficient Array

%Purpose

% This complex function is similar to WFAUX except that it is written so that
it can be easily modified by the user to allow creation of a user-defined w plane

transfer function.

HFAUX1CTFC)

TFC input - Transfer function coefficient array CLCAP2 format)
%I. WFAUX1 output - Complex value of the response

%. This complex function has only one line of code:

.o. NFAUX1 :=FAUX(TFC)

so that it will yield the same results as NFAUX.

To create a user defined w plane transfer function, a different value is
returned for NFAUX1. For example, if the function is:

WPTF2 + WPTF4/2.

the user would change the FORTRAN code to

NFAUXl=WFAUX(NPTF2) + NFAUX(NPTF4)/2.

15.6*4
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% da tification

SUBROUTINE WFREQY -Evaluate Frequency Response Of A W Plane Transfer
Function Coefficient Array

Evaluate frequency response of a w plane transfer function coefficient

array. User supplies name of the array.

CALL NFREQYCTFC)

\ ~TFC input -Transfer function coefficient array CLCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of
subroutine SFREQ for definition,

If LCAP2 defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available, since the others
are on disk files. However, a user common block can be defined so that these oth-
or transfer functions can be first transferred from disk file to memory so that
WFREQY can be used.

-. %* %'

157

NF. ' E% Q*Y* * . .,...**. *. * ".-,*~~*



Identification

COMPLEX FUNCTION ZFAUX -Evaluate Z Plane Transfer Function Coefficient Array

% ., Evaluate z plane transfer function coefficient array CLCAP2 format) for use
in computing the frequency response. This complex function can be used by sub-
routine FREQZ1 or FREQZ2 to evaluate the transfer function specified by its

S.' first argument. It can also be used by user-supplied subroutines similar to
ZFAUX1.

This subroutine can also evaluate the multirate (fast input, slow output)
response of the transfer function.

ZFAUXCTFC)

TFC input - Transfer function coefficient array CLCAP2 format)

ZFAUX output - Complex value of response -

1. Independent z plane frequency used in evaluation of the response is com-
puted by the program using real frequency X of COMMON/FRQILK/ and sampling -

Period SAMPT of COMMON/HEADDB/.

t4 I

*2. If MMTGER of COMNON/FRQBLK/ is .GT.0, the multirate response is computed by
using Sklansky's frequency decomposition method. MMTGER is the ratio of the
(Coutput/input) sampling periods and SAMPT is the sampling period of the
faster input sampler.
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ZFAUX1

Identification

COMPLEX FUNCTION ZFAUX1 Evaluate Z Plane Transfer Function Coefficient Array

This complex function is similar to ZFAUX except that it is written so that
it can be easily modified by the user to allow creation of a user-defined z plane 4

transfer function.

ZFAUXICTFC)

TFC input - Transfer function coefficient array (LCAP2 format)
ZFAUX1 output - Complex value of the response

This complex function has only one line of code

ZFAUXI=ZFAUX(TFC)

so that it will yield the same results as ZFAUX.

To create a user defined z plane transfer function, a different value is
returned for ZFAUX1. For example, if the function is

ZPTF2 + ZPTF'I/2.

the user would change the FORTRAN code to

ZFAUXIlZFAUXCZPTF2) + ZFAUX(ZPTFI)/2.
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Z FR EQY

Identification

SUBROUTINE ZFREQY - Evaluate Frequency Response Of A Z Plane Transfer
Function Coefficient Array

Purpose

5... Evaluate frequency response of a z plane transfer function coefficient

array. User supplies name of the array.

Usaae

CALL ZFREQY(TFC)

TFC input - Transfer function coefficient array (LCAP2 format)

1. Frequency response parameters are in COMMON/HEADDB/. See description of

subroutine SFREQ for definition.

Restrictions

If LCAPZ defined transfer function coefficient arrays are to be used, only
the first five transfer functions for each plane are available, since the others

are on disk files. However, a user common block can be defined so that these oth-

er transfer functions can be first transferred from disk file to memory so that *

ZFREQY can be used.

.'

: ,.
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APPENDIX D - NOTES ON LABELING PLOTS

Alphanumeric information for labeling plots are in array HEAD of
COMMON/HEADDB/. For hardcopy (high resolution electostatic) plots, up to four
lines of annotation are available. For printer plots, only one line of anno-
tation is available. The data in this array is used as follows:

HEAD(i), i=1,7 for 1st line, hardcopy and printer plots

HEAD(i), i=8,14 for 2nd line, hav.dcopy plots only
HEAD(i), i=15,21 for 3rd line, hardcopy plots only
HEAD(i), i=22,29 for 4th line, hardcopy plots only

This HEAD array is preset to blanks. Whenever a hardcopy plot is made the con-
tents in the HEAD array will be printed out. The user must enter or change the
contents in this array prior to a FORTRAN call (an LCAP2 operator) which produc-
es a plot.

For example, if the first line is to be "EXAMPLE 1 S PLANE FREQUENCY
RESPONSE," either one of the following can be used,

Method I

HEAD(1)=IOHEXAMPLE 1
HEAD(2)=lOHS PLANE FR
HEAD(3)=1OHEQUENCY RE
HEAD(4)=1OHSPONSE

Method 2 , /

CALL HEADIN4(1,40OHEXAMPLE 1 S PLANE FREQUENCY RESPONSE )

Method 3 -.

ENCODE(40,100,HEAD(l) )
100 FORMAT(4OHEXAMPLE 1 S PLANE FREQUENCY RESPONSE "

Method 2 is the simplest to use since only a single line of FORTRAN code is
required. This subroutine is of the form HEADINi,(i=1,5) where i designates the
multiples of 10 characters to be entered and the first argument of the subrou-
tine designates the starting location of the HEAD array where the alphanumeric
information is to be stored. For more details, see description of this subrou-
tine in Appendix C.

Method 3 has the advantage of allowing the user to annotate the plots with
data if the ENCODE statement were to include a list. For example, if the second
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line of annotation on the hardcopy plot were to be labeled with the values of the
variables FLEXN and ZETA, the following FORTRAN statements could be used:

ENCODE(31,200,HEAD(8) )FLEXW,ZETA
200 FORMAT(11HFLEXMODE =,F7.3,8H, ZETA =,F5.3)

If the values of FLEXH and ZETA were 14.523 and .707, respectively, HEAD(8) .+1.
through HEAD(11) would have the following characters in it.

+I I I
FLEX MODE 14.523, ZETA : .70 7

a.. HEAD(8) HEAD(9) HEAD(10) HEAD(ll)

The first line of annotation will always be at the top of the plot. The sec-

ond, third and fourth lines (hardcopy plots only) normally begin just below the
first line. These last three lines, however, can be placed lower on the plot if
they should interfere with the plot data. The parameter YANOT (preset to 9.6) of

COMMON/HEADDB/, which positions the y coordinate for the second line, can be
changed to a smaller value. The range for this parameter is 0-10, which corre-

sponds to the length of the y axis.
a. .. 

o.

For the hardcopy plots the number of lines of annotation to be produced is

determined by the parameter ANOTAT of COMMON/HEADDB/, which is preset to 4.
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APPENDIX E -PROGRAM AVAILABILITY

The source code for this program is available to agencies supporting DOD "O
projects and studies. The requester, however, should be aware that some non-ANSI .-.- :
FORTRAN code and one assembly language subroutine are utilized. If the program
is be be run on a CDC 176 or 7600 computer under the SCOPE 2.1 operating system,
no problems should be encountered. If the program is to be run on any other com- -

puter, modifications to the program most likely will have to be made. The
following facts will be of interest if modifications are to be made:

(a) A FORTRAN version of CXMTXl, which is written in assembly language, is
available.

(b) Non-ANSI CDC FORTRAN 4 ENCODE and DECODE statements must be replaced with
ANSI standard internal write and read statements. Even if the target com-
puter and operating system supports the ENCODE and DECODE statements mod-
ifications might still be necessary since the ENCODE statements used in
LCAPZ makes use of the fact that the CDC word length is 60 bits long.

Cc) Hork has been initiated to convert this program to FORTRAN 5 and have it 'I-

operational for the IBM 3033 computer as well.

This program as well as this user's guide is in a continuous process of
evolution and development. For these reasons, this program and related materials e.' ,
will be made available under the understanding that no warranty, express or
implied, is made by the Aerospace Corporation as to the accuracy and functioning

of the program and related materials and that no responsibility for program
maintenance is implied.

The current reproduction and handling fee is $220.00. Request for a copy of .'
this program, which also includes the Interactive version of LCAP2 as well, %.'
should be addressed to .

Administrator 77
Information Processing Division
The Aerospace Corporation
2350 E. El Segundo Blvd.
El Segundo, California 90245

16-



APPENDIX F -HARDCOPY PLOTS FROM EXAMPLES 1.5.6.7.9 AND 10
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